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SUMMARY 
, 

T h i s  r e p o r t  p r e s e n t s  r e s u l t s  o f  a program des igned  t o  assess 
p a t t e r n s  o f  entrainment and t r a n s i t  success o f  f i s h  l a r v a e  i n  repre­
s e n t a t i v e  g e n e r a t i n g  s t a t i o n  c o o l  i n g  w a t e r  systems. The combined 
s t u d i e s  were i n i t i a t e d  i n  August  1979 and comp le ted  i n  September 
1980. 

The generat ing s t a t i o n s  i n v o l v e d  i n  the study were Ormond Beach 
Generating S ta t i on ,  Redondo Beach Generating S t a t i o n  Un i t s  5 and 6 and 
7 and 8, and San Onofre Nuclear Generat ing S t a t i o n  U n i t  1. The s i t e s  
@ r e  se lected based on a physieal  and b i o l o g l e a l  c a t e g o r i z a t i o n  study 
o f  SCE system stat ions.  

The entrainment i nven to ry  and mass balance s tud ies  were designed 
to prov ide q u a n t i t a t j v e  i n fo rma t ion  i n  support  o f  a demonstrats’on t o  
s a t i s f y  Sect ion 316(b) o f  t he  Amendments t o  the Feder-a1 Water P o l l u t i o n  
Control Act  o f  1972 (FWPCA). The f o l l o w i n g  are i n d i v i d u a l  summaries o f  
each study element: 

ENTRAINMENT INVENTORY 

Samples o f  en t ra ined  ichthyopl  ankton were co l  l e c t e d  monthly by 
pump from w i t h i n  the i n take  r i s e r s  o f  f o u r  SCE generat ing s t a t i o n s  
concurrent  w i t h  o f f s h o r e  sampl ing. Sampl i ng  was conducted a$ each 
i n t a k e  between August 1979 and J u l y  1980. Four samples o f  100 m were 
c o l l e c t e d  du r ing  each o f  s i x  two hour per iods over one 24-hr day. 
D a i l y ,  monthly, and annual entrainment of i c k thyop l  ankton l a r v a e  a t  
each s i t e  was est imated u t i 1  izl’ng observed l a r v a l  entrainment concen­
t r a t i o n s  and maximum designed s t a t i o n  c o o l i n g  water f lows. 

1. Estimates o f  t o t a l  annual i ch thyop l  ankton entrainment were 
h ighes t  a t  Redondo Beach U n i t s  7 and 8, f o l l owed  by Ormond Beach, San 
Onofre U n i t  1, and Redondo Beach U n i t s  5 and 6. Although a considerable 
v a r i e t y  o f  species was taken a t  each i n t a k e  over the year, a small 
number o f  t a x a  dominated t h e  ca tch .  E n t r a i n e d  i c h t h y o p l  a n k t o n  a t  
i n t a k e s  i n f l u e n c e d  by o f f s h o r e  w a t e r s  were dominated by abundant  
species t h a t  spawn p e l a g i c a l l y ,  w h i l e  i n takes  l oca ted  near harbors or 
breakwaters en t ra ined  rep resen ta t i ves  o f  canmunities i n h a b i t i n g  rocky 
or s o f t  mud substrates.  In takes i n f l u e n c e d  by several  types o f  h a b i t a t s  
d isp layed the  g rea tes t  v a r i e t y  o f  species entrained. 

2. La rvae  o f  n o r t h e r n  anchovy, w h i t e  c r o a k e r  and q u e e n f i s h  
dominated the o v e r a l l  e n t r a i m e n t  a t  t h e  three o f f s h o r e  i n take  s i t es .  
Gobies, b lennies,  and c l i n i d s  were the  dominant groups a t  the 
f o u r t h  s i t e .  These taxa were major  c o n t r i b u t o r s  t o  ent ra ined l a r v a l  
concentrat ions dur ing a l l  months a t  a l l  f o u r  s ta t ions.  

3. Seasonal t rends i n  species ent ra inment  were s i m i l a r  among open 
coas t  s ta t i ons ,  where peak abundances were c o n s i s t e n t l y  noted du r ing  
tk spring. 



v i i i  

4. E n t r a i m e n t  abundance and composition was p r i m a r i l y  a f f e c t e d  by 

nearby h a b i t a t  types, v e r t i c a l  migrat ion,  and v i s u a l  avoidance. T i d a l  

h e i g h t  and stage, sea s ta te ,  and temperature and s a l i n i t y  p r o f i l e s  i n  

t he  water colunn were l e s s  important.  


5. No s i g n i f i c a n t  d i f f e rences  were noted between in takes  i n  the  

s i z e  frequency d i s t r i b u t i o n s  o f  en t ra ined  t a r g e t  species 1arvae, t h e  

m a j o r i t y  o f  which were observed i n  s i z e  c lasses o f  l e s s  than 6 mm 

length.  Reduced entrainment o f  l a r g e r  c lasses was a t t r i b u t e d  t o  avoid­ 

ance, reduced abundance o f  l a r g e r  s i z e  groups, and l i f e  h i s t o r y  h a b i t s  

o f  t h e  species examined. 


6. A canpar ison o f  ent ra inment  data from t h i s  study a t  San Onofre 

U n i t  1 t o  data f rom prev ious s tud ies  a t  the same s i t e  i n d i c a t e d  a 

subs tan t i a l  s h i f t  between years t o  the entrainment o f  sma l le r  s i ze  

classes i n  the c u r r e n t  study, poss ib l y  due t o  changes i n  a d u l t  spawning 

a c t i v i  ty or mod i f i ed  l a r v a l  su rv i vo rsh ip  rates.  


7. A l l  c a l c u l a t i o n s  o f  entrainment were based on maximun r a t e d  

i n t a k e  f l o w  volunes a t  each s ta t i on .  Operating records a t  sampled 

s t a t i o n s  i n d i c a t e  t h a t  ac tua l  annual f l o w  volumes may be 10-20% lower  

than maximm r a t e d  f lows, r e s u l t i n g  i n  s i g n i f i c a n t l y  l o w e r r s  o f  

plankton entrained. 


ENTRAINMENT MASS BALANCE 

Ichthyopl  ankton samples were c o l l e c t e d  concur ren t l y  from i n t a k e  

and discharge c o n d u i t  r i s e r s  a t  San Onofre U n i t  1 and Ormond Beach t o  

determine success o f  t r a n s i t  through the  c o o l i n g  system. The mass 

balance s tud ies were conducted be fo re  and a f t e r  b i o f o u l i n g  c o n t r o l  and 

were planned f o r  b o t h  w i n t e r  and sumner seasons. Two 24-hr surveys were 

conducted a t  San Onofre U n i t  1, and t h r e e  24-hr surveys were conducted 

a t  Ormond Beach. Sampling protocol  a t  bo th  t h e  i n t a k e  and d ischarge 

were i d e n t i c a l  t o  t h a t  descr ibed i n  the  entrainment inventory p o r t i o n  

o f  t h i s  study. A s u i t a b l e  l a g  t ime al lowed sampling o f  t h e  same water 

parcel  a t  bo th  i n t a k e  and d ischarge loca t i ons .  


1. Species composi t ion o f  t he  l a r v a l  canmunit ies en t ra ined  a t  each 

s i t e  were s i m i l a r  to those descr ibed i n  t h e  entrainment i nven to ry  

s e c t i o n  o f  t h i s  study. Both s tud ies were dominated by a small number o f  

t axa  t h a t  g r e a t l y  i n f l u e n c e d  the i n d i c a t e d  o v e r a l l  1a rva l  t r a n s i t  

success. C o l l e c t i o n s  a t  San Onofre Unit 1 i n  March 1980 were dominated 

by l a r v a e  o f  n o r t h e r n  anchovy, w h i t e  croaker,  and queenfish, w i t h  

l e s s e r  r o l e s  p l a y e d  by u n i d e n t i f i e d  y o l k  sac l a r v a e ,  j a c k s m e l t ,  

g o b i e s ,  and Cal if o r n i a  ha1 i b u t .  Samples t a k e n  a t  Ormond Beach i n  

September 1980 were comprised ma in l y  o f  no r the rn  anchovy, cheekspot 

goby, queenfish, and Mexican 1ampfish. Larva l  concentrat ions observed 

a t  Ormond Beach were much lower  than d e n s i t i e s  observed a t  San Onofre. 

Seasonal and d i u r n a l  occurrence and dens i t y  o f  t h e  l a r v a e  were s i m i l a r  

to those observed i n  t h e  ent ra inment  i nven to ry  p o r t i o n  o f  t h i s  study. 


2. The m a j o r i t y  o f  en t ra ined  l a r v a l  species experienced substan­
t i a l  losses du r ing  s t a t i o n  t r a n s i t  a t  San Onofre U n i t  1. The low r a t i o s  

o f  t r a n s i t  success were r e l a t e d  t o  the  dominance o f  small i n d i v i d u a l s  
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( <  6 mn S.L.) of 316(b) t a r g e t  species .  Larger s i ze  c l a s ses  general ly
eyperienced grea te r  transit success. No t rends were noted re1 a t ing
transit success t o  water colunn temperature,  t i d a l  height ,  sampling
p e r i o d ,  o r  numbers o f  l a r v a e  e n t r a i n e d  d u r i n g  d i f f e r e n t  sampling
p e r i o d s .  The most  s i g n i f i c a n t  f a c t o r  de t e rmin ing  s p e c i e s  t r a n s i t  
success appeared to be the s i z e  of the individual larva.  

3. Stat ion t r a n s i t  success was much h ighe r  f o r  many spec ies  a t  
Ormond Beach than a t  San Onofre U n i t  1, even i n  smaller s i ze  groups of 
the same species. Larvae of t a r g e t  species  were l e s s  daninant than a t  
San Onofre, b u t  overall  t r a n s i t  success was s t i l l  s t rongly influenced 
by a r e l a t i v e l y  small nunber of taxa. Overall t r a n s i t  success d u r i n g
each phase conformed c lose ly  n d t h  the predicted e f f e c t  of foul ing
camnunity biomass on entrained la rva l  abundance; i.e. g rea te r  success 
following biofoul ing  cont ro l .  

4. Overall, h i g h  variabl’l i ty  charac te r ized  the r e s u l t s  of the  
mass bal ance study. Changing sampl ing  s i t e s  (generat ing s t a t i o n s )
due t o  an extended outage a t  San Onofre U n i t  1 no d o u b t  induced sub­
s t a n t i a l  v a r i a b i l i t y .  Other f a c t o r s  included 1 arge overall  var iab i l  i t y
encountered in species  composition, s i z e  frequency d i s t r i b u t i o n s ,  and 
abundances among sampling p e r i o d s .  A1 so ,  t h e  expec ted  changes i n  
ambient water temperature ( i . e .  peaking i n  September) d i d  not occur. 

5. The mean annual t r a n s i t  success r a t i o  is  roughly estimated t o  
be near 44% of intake entrainment,  based on canparative density and 
success r a t e s  of la rvae  a t  the two study s i t e s .  
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CHAPTER 1 

INTRODUCTION 

REPORT ORGANIZATION AND APPROACH 

Volune I o f  t h i s  r e p o r t  i nc ludes  a comprehensive p r e s e n t a t i o n  o f  a l l  raw 
data c o l l e c t e d  a t  f o u r  SCE generat ing s t a t i o n s  d u r i n g  the entrainment i nven to ry  
and mass balance phases o f  t h i s  study. 

Entrainment i nven to ry  and mass balance comprise separate chapters i n  t h i s  
volune. A l l  o b j e c t i v e s  and r e s u l t s  associated wi th each element a r e  addressed i n  
t h a t  chapter.  

Each chapter  con ta ins  a separate i n t r o d u c t i o n  f o l l o w e d  by a background o f  
t h e  sub jec t  s tud ies  a t  SCE generat ing s t a t i o n s  through 1980. I n  order  t o  f a c i l ­
i t a t e  complete and t ime ly  reveiw o f  major  ideas, t h e  o v e r a l l  d iscuss ion fo l l ows  
t h e  background, which i s  then fo l lowed by 316(b) study d e t a i l e d  methods, r e s u l t s ,  
and analyses. 

STUDY OVERVIEW 

The I ch thyop l  ankton Entrainment Inventory  and Mass Balance Study program 
conducted f o r  t h e  Southern C a l i f o r n i a  Edison Company (SCE) was designed as p a r t  
o f  an o v e r a l l  316(b) Demonstration Study Plan to s a t i s f y  t h e  requirements o f  t he  
Pmendments t o  t h e  Federal Water P o l l u t i o n  Contro l  A c t  o f  1972. Sect ion 316(b) 
s ta tes  t h a t  "any standard es tab l i shed  pursuant t o  Sec t i on  301 [ p o i n t  source 
e f f l u e n t  9 i m i t a t i o n s ]  o r  Sect ion 306 [Federal standards o f  pe r fomanee l  o f  t h i s  
Ac t  and a p p l i c a b l e  t o  a p o i n t  source s h a l l  r e q u i r e  t h a t  the l o c a t i o n ,  design, 
cons t ruc t i on ,  and capaci ty  o f  c o o l i n g  water i n t a k e  s t r u c t u r e s  r e f l e c t  the bes t  
techno1 ogy a v a i l  a b l e  f o r  min imiz ing adverse environmental impact." These s tud ies 
were designed to answer several quest ions re1 a t i n g  c u r r e n t l y  ope ra t i ng  SCE 
technology t o  Federal  requirements. 

The s tud ies  cons is ted  o f  two elements: 1) an ent ra inment  inventory ;  and 2 )  a 
mass balance study. The entrainment element was d i r e c t e d  a t  es t ima t ing  l a r v a l  
f i s h  wi thdrawal a t  f ou r  generat ing s t a t i o n  study s i t e s ,  w h i l e  the  mass balance 
element determined changes i n  i ch thyop l  ankton concen t ra t i ons  between in take  and 
discharge sampling s i tes.  Study o b j e c t i v e s  i nc luded  de te rm ina t ion  o f :  1 )  the 
q u a n t i t y  o f  p lank ton  entrained; 2 )  i n take  withdrawal pa t te rns ;  and 3 )  percent 
t r a n s i t  success of entra ined ichthyopl  ankton larvae.  Mor ta l  ity  s tud ies  would 
be conducted o n l y  ifo v e r a l l  t r a n s i t  success was s i g n i f i c a n t  ( i .e .  >609,). A 
chronologica l  summary o f  SCE marine l a r v a l  f i s h  ent ra inment  s tud ies i s  presented 
i n  Table 1. 

A phys ica l  and b i o l o g i c a l  c a t e g o r i z a t i o n  process t o  prov ide guidance fo r  
s e l e c t i o n  o f  SCE rep resen ta t i ve  316(b) study s i t e s  (Sch lo t te rbeck  e t  a l .  1979a) 
was developed. The o b j e c t i v e  was t o  determine i f  r e p r e s e n t a t i v e  i n take  study 
s i t e s  cou ld  be i d e n t i f i e d  to f u l f i l l  t he  requirements o f  Sect ion 316(b) f o r  SCE 
coasta l  generat ing s ta t i ons .  Since t h e  scope o f  these s tud ies  i s  subs tan t i a l ,  i t  
was n o t  economical ly f e a s i b l e  nor  t e c h n i c a l l y  necessary t o  i n t e n s i v e l y  study a l l  
elements a t  each i n t a k e  s i t e .  The o v e r a l l  316(b) denons t ra t i on  was designed t o  
maximize the  c o l l e c t i o n  o f  data r e l e v a n t  t o  the m i n i m i z a t i o n  o f  adverse environ­
mental impact, r a t h e r  than conduct redundant sampling a t  s i m i l a r  s ta t ions.  By 
determining phys ica l  and b i o l o g i c a l  s i m i l a r i t i e s  among in takes,  a more i n t e n s i v e  
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f a b l e  1. Chrondogicd history of SCE l a n d  fish entrainment studies. 1 
PUPing

Rep1icates/  OurationI of 
Yedr m n t h  Surveys Statlons 

STUDY PROGRAM 
Sdn Onofre P7?Op~rdtfOndlSpIXfal Study 
1 9 n  lug-Sep 1 San Onofre 1 

Oct 1 O n  Onofre 1 
Lbv-Oec 2. Srn Onofre 1 

1978 Jdn 1 Sdn Onofre 1 

1978-79 	 Feb 78- 17 San Onofre 1 
Jul  79 

3161b) Methods Oevelopcnt 
1978 Hdy 1 	 Redondo kdCh 

Units 7 h 8 

1978 Jun 1 	 Offshore rrcrport
BtdCh 

1978 Aug 1 Sin  Onofre 1 

316(b) E n t r a i m n t  Inventory 
1979-80 Aug 79- 12 OmOnd BcdCh 

Jul  80 Redondo kdCh 
Units 5 h 6 dnd 
7 h 8  

k n  Onofre 1 

316(b) E n t r a i m n t  MdSS Balance 
1980 Mar 2 San Onofre 1 

igm k p  3 O r W n d  kdCh 

Periods Period (ruin) 

4 60 
4 60 
8 30 

CY 1. d w  2 8 day 30 
n i g h t  8 n lgh t  

2 day. 2 n i g h t  4 30 
2 crepuscular 

14 t o t a l  30 

dry. n i g h t  10 10 

day, n i g h t  16 30 

2 ddy. 2 n l g h t  4 30 
2 ClYpUSCUldr 

2 day, 2 n i g h t  4 30 
2 crepuscular 

2 ddy. 2 n i g h t  4 30 
2 crepuscul i r  

Cements I 
1 a standpipe 
3 standpipe 
Shorter pmp durat lon I 

n s u l  W i n  1ess dmage 
t0 pmped l a n d e  

Oay per iod s p l i t  
om-1100; 1300-1500 1

24 s a p l e s  i n  6 perlods
reported I n  80-RD-100 

CMlpdriSOn O f  intake dnd 1 
uater colunn corcentrations 
d t  several v e r t l c a l  locd­
t ions  near intake opening 
and concurrent dye releases 

Cmpdrl son o f  sfmul tdneous I 
co l lec t ions  o f  pmp and 
towed Bongo samples i n d i ­
cate net and pmp samples 
not s t a t i s t i c a l l y  d i f f e r e n t  

Cmprr ison o f  ichthyopl ankton 1
and zooplankton concentra­
t ions  using 2 smpl ing  
devices to determine repre­
sentative smpl ing loca t lon  
reported i n  7940-69 1 

Monthly samples a t  four 
stat ions u i t h i n  a 10-day 
period 1 

Mdss balance de ten incd  by
cmparlng sinul tantous 
smples f ran intake and I 
d l x h d r g e  r i sers .  t*O 
d l f f c r e n t  phdSeS o f  bio­
foul ing control cycle 
( w i  nt e r  sea sonI 

As above over Vlrec bio- 1
foul ing control  cycle
phdSeS (sumcr  season) 

s a m p l i n g  e f f o r t  c o u l d  b e  c o n d u c t e d  a t  f e w e r  r e p r e s e n t a t i v e  g e n e r i c  s i t e s .  I 
Although some aspects o f  t he  o v e r a l l  program were i n v e s t i g a t e d  a t  each gener­
a t i n g  s t a t i o n ,  increased sampling i n t e n s i t y  a t  fewer i n t a k e  s i t e s  was more 
s c i e n t i f i c a l l y  c r e d i b l e  and economical ly f eas ib le .  1 
REPRESENTATIVE SAMPLING SITE SELECTION 

Southern C a l i f o r n i a  Edison Company operates e i g h t  coas ta l  f a c i l i t i e s  w i t h  1t h i r t e e n  independent intakes. Because o f  b i o l o g i c a l  and phys ica l  s i m i l a r i t i e s ,  
i t i s  n o t  necessary t o  study a l l  intakes. Data acqui red a t  rep resen ta t i ve  s i t e s  
may be u t i l i z e d  t o  ex t rapo la te  and p r e d i c t  e f f e c t s  a t  unsampled, b u t  s i m i l a r ,  
in takes.  The c r i t e r i a  f o r  s i t e  s e l e c t i o n  was based on i n t a k e  type, geographic Irange, b i o l o g i c a l  and phys ica l  s i m i l a r i t y ,  and in takes  where o the r  s tud ies  were 
conducted. 

1 

1 

I 
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A c a t e g o r i z a t i o n  study produced to j u s t i f y  r e p r e s e n t a t i v e  sampl i ng  s i t e s  t o  
regu la to ry  rev iew agencies (Schlot terbeck e t  a l .  1979a) examined the b i o l o g i c a l  
and physical  aspects o f  Edison intakes. Seven i n t a k e s  a r e  l oca ted  o f f sho re  
(Onnond Beach, El Segundo U n i t s  1 and 2, E l  Segundo U n i t s  3 and 4, Hunt ington 
Beach, San Onofre Uni t  1, and San Onofre U n i t s  2 and 3 1 ,  one a t  the mouth o f  
King Harbor (Redondo Beach 7 and 81, and f i v e  are harbor  o r  canal  i n t a k e  systems 
(Mandalay, Redondo Beach U n i t s  1-4, Redondo Beach U n i t s  5 and 6, Long Beach, 
and Alani tos) .  A s m a r y  o f  t h e  c a t e g o r i z a t i o n  study f i n d i n g s  i s :  

" A l l  i n t a k e  systems a t  Southern C a l i f o r n i a  Edison coas ta l  s t a t i o n s  were 
categor ized by phys i ca l  and h y d r a u l i c  engineer ing c h a r a c t e r i s t i c s .  A1 1 v e l o c i t y  
cap in takes  were grouped by cap type (overhang cap, f l u s h  cap, overhang cap and 
r i s e r )  and in take  v e l o c i t y .  The p ro tec ted  i n takes  were c lassed  as e i t h e r  canal o r  
ernbayment intakes,.  with t h e  except ion o f  Redondo Beach U n i t s  1-4 and 5 8 6 
which a re  o f f s h o r e  i n t a k e s  w i t h i n  a harbor. 

" B i o l o g i c a l  c a t e g o r i z a t i o n  o f  i n t a k e  l o c a t i o n s  d e f i n e d  two major  i n t a k e  
types: exposed coas t  and p ro tec ted  areas. Exposed in takes  w i t h  sandy subst rate 
a t  Ormond Beach, E l  Segundo, and Hunt ington Beach were f u r t h e r  d i s t i ngu ished  
from San Onofre and Redondo Beach U n i t s  7 and 8 which a re  l oca ted  i n  areas o f  
s tab le  substrate. The in takes  i n  protected areas were d l v i d e d  i n t o  an mbayment/ 
canal group i n c l u d i n g  Long Beach, Alamitos, and Mandalay and the unique Redondo 
Beach U n i t s  1-4 and U n i t s  5 and 6. 

"Based on the phys ica l  and b i o l o g i c a l  s i m i l a r i t i e s ,  Ormond Beach - open 
ocean sandy, Redondo Beach U n i t s  7 and 8 - open ocean stab le,  Redondo Beach U n i t s  
5 and 6 - harbor i n take ,  Alamitos - embayment/canal , and San Onofre U n i t  1 
were chosen as rep resen ta t i ve  s i t e s  f o r  Southern Cal i f o r n i a  Edison 316(b) demon­
s t r a t i o n s ,  s p e c i f i c a l l y ,  i ch thyop l  ankton entrainment studies." Because the 
demonstration f o r  A lamiMs  was t o  be completed by use o f  data from the Haynes 
canplex (IRC 19801, San Onofre was incorporated i n t o  the  e x i s t i n g  study t o  
prov ide a southern boundary f o r  the Edison system ( F i g u r e  1). 

REPRESENTATIVE INTAKE SAMPLING POSITION 

A sampling p o i n t  w i t h i n  the  i n t a k e  r i s e r  system which represented a mixed 
sample o f  a l l  t he  water drawn i n t o  the i n t a k e  was r e q u i r e d  to ob ta in  unbiased 
samples. If an i n t a k e  sample were biased by neuston, midwater, o r  epibenth ic  
ichthyopl  ankton, then i n t e r p r e t a t i o n  o f  r e s u l t s  c o u l d  be erroneous. 

I n  August 1977 a permanent standpipe t h a t  extended 3 m i n t o  the v e r t i c a l  
condu i t  was i n s t a l l e d  i n  the San Onofre Unit 1 i n t a k e  r i s e r  to sample ent ra ined 
ichthyoplankton as p a r t  o f  t h e  SONGS U n i t s  2 and 3 preoperat ional  mon i to r i ng  
program (PMP; SCE 1980). This p o s i t i o n  was thought  t o  prov ide a non-biased 
b i o l o g i c a l l y  r e p r e s e n t a t i v e  sampl e. However, dye s tud ies  were requ i red  t o  deter­
mine the  1oca t ion  o f  completely mixed i n t a k e  waters be fo re  b i o l o g i c a l  assmpt ions  
cou ld  be tes ted  f o r  v a l i d i t y .  P re l im ina ry  dye s tud ies  were conducted as p a r t  o f  
t h e  Analys is  o f  I n t a k e  Withdrawal Pa t te rns  study. Resul t s  a t  San Onofre U n i t  1 
(KLI 19811 i n d i c a t e d  t h a t  the p o i n t  o f  homogeneous m ix ing  may be l oca ted  as 
f a r  as 10 t o  15 m downstream i n  the  ho r i zon ta l  condui t .  The onshore screenwell 
and adjacent upstream c o n d u i t  were shown n o t  t o  be r e p r e s e n t a t i v e  sampling s i t e s  
( B a r n e t t  unpublished) because i ch thyop l  ankton concen t ra t i ons  were s u b s t a n t i a l l y  
reduced a t  t h i s  p o i n t  when compared to i n t a k e  r i s e r  samples. 

Once the p o i n t  o f  homogeneous m ix ing  was determined, simul taneous c o l l e c t i o n  
o f  p lankton samples f rom the  standpipe and the Completely mixed l o c a t i o n  were 
r e q u i r e d  t o  determine i f  b i o l o g i c a l  d i f ferences ex is ted.  A comparison study 
(Schlot terbeck e t  a l .  1979b) between the t h e o r e t i c a l  m ix ing  p o i n t  def ined by the  

e 
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I dye study and the initial sampling position ( 3  m standpipe through the velocity
cap) was conducted in August 1978 by pumping samples simultaneously from the 
standpipe and the projected mixing p o i n t  15 m within the horizontal intake 
conduit. The theoretical mixing p o i n t  inside the intake c o n d u i t  was sampled by a 
specially constructed Intake Unidireetional DSverter (IUD; Figures 2 and 3) .  The 
IUD was designed t o  reduce sampling bias associated w i t h  differential water 
velocity, turbulence, and conduit wall effects. Thirty-two rep1 icate samples of 

I 
I 100 I$ were collected d u r i n g  a 24 h r  period to evaluate the effectiveness of 

b o t h  the IUD and existing standpipe. 
A Wilcoxon matched pairs signed-ranks 
test  applied to t x n  size classes of 
fish larvae (3 nun increnents from 0 
t o  30 mm) indicated no s t a t i s t i ca lI 

I 
r difference between the standpipe and 

IUD; however ,  the  s tandpipe was 
s i g n i f i c a n t l y  more e f f e c t i v e  i n  
c o l l e c t i n g  northern anchovy a n d  
queenfish. The IUD was not  as effec­
tive as the standpipe i n  collectionI i."o f  larvae smaller t h a n  9 nun. 

I 

I 

I 


Figurn 2. 	 Intake sampling devices: a) front and 
si& view of the wned port Intake 
Unidirectional Divertor ( IUD)  device: b) 
standpipe.I 

I 
I 
I 
I LI- I 
I Figure 3. 	 Schematic diagram of deployment of 

the IUD through the velocity cap and 
horizontal section beyond t h e  coding 
system intake riser a t  San Onofre Unit 
1.I 

I 
I 

TRe 3 m standpipe was selected as 
the preferred ongoing intake sampl ing
device because: 1) i t  more effectively
collected ichthyoplankton samples, 2 )
there was no difference between the 
standpipe and IUD i n  s imilar i ty  t o  
longshore tow collections, and 3 )  the 
standpipe was logistically easier and 
safer t o  install and retrieve t h a n  the 
IUD while the generating station was 
i n  operation (Schlotterbeck e t  a l .  
1979b3. 

Subsequently the access manhole of 
the intake a t  each of the fou r  316(b)
sampling s7"tes was modified i n  August
1979 t o  receive a fiberglass stand­
pipe, which was connected to a 15.2 cm 
diameter hose leading to  the fish pump
dur ing  sampling (Figure 4 ) .  

T A R G E T  A N D  K E Y  SPECIES SELECTION 

Certain fish species received sub­
stantially more analysis t h a n  others. 
These species were referred t o  a s  
target species, and cri teria estab­
lished fov their selection included: 
1 )  importance in the local trophic 
structure (either as pl anktivorous,
piscivorous, or benthic feeders, and 
importance as a food source) ;  2 )  
presence in the s t u d y  area with a t  
least minimal abundance during most 
periods of the year t o  lend statis­
t i c a l  i n t e g r i t y  t o  ana lyses ;  3 )
species subject t o  h i g h  degrees o f  



I 
6 

e n t r a i n m e n t  and impingement d u r i n g  
most  o f  t h e i r  l i f e  h i s t o r y ;  and 4 )  
species which, i f  adversely impacted, (?+-$ 

1 
I 

m i g h t  r e s u l t  i n  c o m m u n i t y  l e v e l  
e f f e c t s .  Based on these c r i t e r i a ,  
t a r g e t  species chosen f o r  study were 
nor thern  anchovy (Engrau l i s  mordax), 
w h i t e  croaker  (Gen onemus 1-s) 
and q u e e n f i s h  ( * P I .  

I n  a d d i t i o n ,  a l l  3 1 6 ( b )  t a r g e t  
and key species (Table 2 )  were mea­
sured. The c r i t e r i a  f o r  s e l e c t i o n  of 
316(b) key species was presented by 
W i n t e r s t e e n  and Dorn ( 1 9 7 9 ) .  These 
s p e c i e s  i n c l u d e  t h e  t h r e e  t a r g e t  
species and white, walleye, and sh iner  
sur fperch  (v iv iparous-no l a r v a e ) ,  k e l p  
b a s s ,  b a r r e d  s a n d  b a s s ,  s a r g o ,  
s p o t f i n  croaker, bocaccio, and P a c i f i c  
b u t t e r f i s h .  A d d i t i o n a l l y ,  t he  C a l i f o r n i a  

. ............-
CDlll 

I 

1 
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Figure 4. 	 Comparative configuration of the intake 
riser velocity caps at the four en­
trainment rtudy sites. 1Department o f  F ish  and Game recanmended 

the a d d i t i o n  o f  y e l l o w f i n  croaker, b l a c k  croaker,  and b lack  sur fperch  ( t h e  l a t t e r  
a1 so v iv iparous) .  I
APPLICATION OF STUDY RESULTS 

The r e s u l t s  o f  the entrainment inventory  were u t i l i z e d  to  develop l o s s  
est imates f o r  t h e  e n t i r e  SCE system. A concurrent  316(b) study by the  Un ive rs i t y  I 
o f  Southern C a l i f o r n i a ,  I n s t i t u t e  o f  .Marine and Coastal Studies (IMCS) determined 
abundance and d i s t r i b u t i o n  o f  i ch thyop lank ton  i n  the  nearsore zone (<75 m) o f  the  
Southern C a l i f o r n i a  Bight ,  an area extending from P o i n t  Conception i n  the no r th  
to the C a l i f o r n i a / k x i c o  border  on the south (F igu re  1). The IMCS study was 1 
designed t o  a l l o w  c a l c u l a t i o n  o f  an est imated e n t r a i n a b l e  resource against  which 
the magnitude o f  en t ra ined ich thyop l  ankton abundance c o u l d  be compared. 

Resul ts  o f  t h e  mass balance study were used t o  formulate a standard against  I 
which proposed improvements i n  technology cou ld  be measured. Concurrent s tud ies 
by L a w l e r ,  Matusky,  and S k e l l y ,  E n g i n e e r s  were d i r e c t e d  t o  examin ing  t h e  
p o t e n t i a l  f o r  d i v e r s i o n  o r  exc lus ion  o f  l a r v a l  forms through louver ,  dike, o r  
fine-mesh screen technologies.  The pro jec ted  success r a t e s  o f  , these technol ogies 1 
i n  reducing l a r v a l  entrainment m o r t a l i t y  cou ld  be canpared to observed s t a t i o n  
t r a n s i t  success (and p o t e n t i a l l y  mor ta l  it y )  
technol ogy a v a i l  ab1e." 

The e f f e c t s  o f  " l oca t i on ,  design, 
const ruct ion,  and capaci ty"  o f  c o o l i n g  
w a t e r  i n t a k e s  w e r e  e v a l u a t e d  i n  
separate s tud ies  on l a r v a l  and a d u l t  
f i s h e s  b y  Thomas e t  a l .  (1980a-b) ,  

5. 

f o r  determinat ions regard ing "best  

T a b l e  2. 315(b) target s w i m .  1 
S p a i  es Cotmnon Name 

northern anchovy 
w h i t e  croaker  
queenfi  sh I 
black croaker  

Umbrlna roncador y e l l o w f i n  croakerHerbinson (19811, Helvey (1979, 1980, 6. m r s t e a r n s i i  s p o t f i  n croaker  
and 1982), and LMS (1981). A progress 7. -ax c l a t h r a t u s  k e l p  bass 

_ _ _  -r e p o r t  i nco rpo ra t i ng  o b j e c t i v e s  and A. P. n e b u l i f e r  
davidsoni l  

barred sand bass 1 
sargomate r ia l s  and methods u t i 1  i zed  i n  the  9: Knisotrenus 
boc acci o 

entrainment and other  phases o f  t he  P a c i f i c  b u t t e r f i s h  
~~ ~

o v e r a l l  316(b)  d e m o n s t r a t i o n  was 
submitted t o  th ree  Cal i f o r n i a  Regional Wa ter Q u a l i t y  Control Boards i n  December I 
1979 (SCE 1979b). 

1 
I 

1 I 
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CHAPTER 2 

ENTFUIMENT INVENTORY 

INTRODUCTION 

From August 1979 through July 1980, i ch thyop l  ankton samples were c o l l e c t e d  
m o n t h l y  f rom t h e  i n t a k e  r i s e r s  o f  f o u r  c o a s t a l  g e n e r a t i n g  s t a t i o n s  i n  t h e  
Southern C a l i f o r n i a  Edison (SCE) system. The sampll’ng s i t e s  were Ormond Beach, 
Redondo Beach U n i t s  5 and 6 and U n i t s  7 and 8, and San Onofre U n i t  1 ( F i g u r e  1).  
The 12-month sampling program was designed to s a t i s f y  a requirement f o r  est imates 
o f  SCE system entrainment l osses  f o r  comparisons t o  o f f s h o r e  l a r v a l  s t u d i e s  i n  a 
316(b) compl iance demonstration. 

The purpose o f  t h i s  chapter  i s  to :  1)  descr ibe t h e  species composi t ion,  
abundance, and d i e l  behavior  o f  i ch thyop l  ankton 1a w a l  popul a t i o n s  e n t r a i n e d  a t  
four rep resen ta t i ve  i n t a k e  c o o l i n g  systems; 21 descr ibe the s i ze  frequency 
d i s t r i b u t i o n s  o f  these en t ra ined  populat ions;  3 )  est imate the monthly and y e a r l y  
entrainment o f  l a rvae  a t  these in takes;  and 4 )  discuss the  f a c t o r s  i n f l u e n c i n g  
abundance, species composi t ion,  and s i ze  frequency o f  1a rva l  entrainment, and the 
a p p l i c a b i l i t y  o f  these f a c t o r s  t o  these and other  SCE c o o l i n g  water systems. 

A separate volume (SCE 1982) inc ludes a l l  the data used i n  the p repara t i on  
o f  t h i s  repo r t ,  i n c l u d i n g  rep1 i c a t e  concentrat ions (#/1000m3) f o r  a l l  la rvae,  
s i ze  frequency histograms f o r  316(b) t a r g e t  species 1arvae, and temperature-
s a l i n i t y  p r o f i l e s  observed a t  each in take  du r ing  each sampling per iod.  

BACKGROUND 

Entra ined ichthyoplankton samples have been c o l l e c t e d  monthly a t  t he  San 
Onofre U n i t  1 i n t a k e  s ince  August 1977. I n i t i a l  sampling e f f o r t s  were conducted 
to develop methods f o r  use i n  complying with 316(b) requirements, and as a 
preoperat ional  mon i to r i ng  study o f  the e f f e c t s  o f  San Onofre U n i t s  2 and 3 on 
nearshore ichthyopl  ankton popu la t i ons  (Table 1).  

Dur ing the 316(b) i ch thyop l  ankton entrainment program, monthly sampl es were 
c o l l e c t e d  from four  rep resen ta t i ve  s i t e s  w i t h i n  the  SCE system. 

CHARACTERISTICS OF STUDY SITES 

The Ormond Beach i n t a k e  i s  s i t u a t e d  on t h e  open coast  a t  a depth o f  11.0 m 
MLLW ( F i g u r e  1). The m idd le  o f  t h e  1.2 m i n t a k e  opening i s  l o c a t e d  6.7 m below 
MLW. Substrate i n  the  v i c i n i t y  o f  the i n t a k e  i s  sand; however, t h e  Hueneme 
Canyon, l oca ted  4.3 km n o r t h  of t h e  in take,  i n f l uences  the  species composi t ion 
near the intake. The s t a t i o n  i s  l o c a t e d  on open coast w i t h  p r i m a r i l y  southwest 
exposure. Winds and swel l  a re  p r i m a r i l y  from the  northwest, passing down the 
Santa Barbara Channel between t h e  Channel I s lands  and the mainland. Bottom slope 
i n  the  area of the i n t a k e  i s  approximately 1.7%. 

The Redondo Beach U n i t s  5 and 6 i n t a k e  i s  l o c a t e d  w i t h i n  King Harbor. The 
in take  i s  l oca ted  approximately 17 m from the  j e t t y  a t  a depth o f  9.1 m MLLW 
(F igu re  1) .  The 1.2 m i n t a k e  opening i s  l o c a t e d  4.6 m below MLLW, and t h e  l o c a l  
subst rate i s  f i n e  sediment. The narrow harbor  entrance opens along the coas t  i n  a 
south-southeast d i r e c t i o n .  Swell exposure a t  t h e  entrance i s  genera l l y  wester ly .  
Waters i n s i d e  t h e  harbor are e s s e n t i a l l y  c u t  o f f  from open coasta l  c i r c u l a t i o n  as 
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well as  from wave and surf-induced turbulence. Exchange of  water w i t h  the open 
ocean i s  r e s t r i c t e d  and depends l a rge ly  on both t i d a l  f low t h r o u g h  the harbor ' s  
entrance and the intake of r e l a t i v e l y  l a r g e  volumes of p l a n t  cooling waters 
w i t h i n  Redondo Harbor. Solar  heating throughout most of the water column, l i m i t e d  
tu rbulen t  mixing and a slow exchange r a t e  w i t h  open ocean water a r e  natural  
f a c t o r s  which increase  water temepratures w i t h i n  the harbor,  espec ia l ly  i n  the 
shallow mooring basins.  The predominant biological  community i s  associated w i t h  
the breakwater/reef and harbor mud habi ta t s .  During September 1979, the U n i t  1-4 
intake, ad jacent  t o  Units 5 and 6,  was sampled because c i r c u l a t i o n  pumps a t  Units 
5 and 6 were inoperat ive.  

The Redondo Beach Units 7 and 8 intake i s  loca ted  a t  the mouth of King
Harbor a t  a depth of 14.0 m MLLW. The intake opening i s  loca ted  9.8 m below MLLW 
a t  the  head o f  Redondo Canyon (50 m o f f shore ) ,  and is  approximately 60 m f ran  the 
j e t t y  terminus (F igure  1). The subs t ra te  i n  the imnediate v i c i n i t y  of  the intake 
i s  r iprap  and sand. The harbor l ies  a t  the souther ly  margin of S m t a  Monica Bay.
The area outs ide  the harbor i s  a typical coastal  area ly ing  w i t h i n  the natural  
protect ion of the Bay. Water c i r cu la t ion  i n  th is  a rea  results from a combina­
t ion  of c u r r e n t  systems, winds, and t i des .  Wave r e f r ac t ion  due t o  the bottom 
topography and the harbor ' s  breakwater has a subs tan t ia l  e f f e c t  on the nearshore 
d r i f t  of the water near the intake. The primary influences on loca l  biology
i n c l u d e  the  b r e a k w a t e r ,  h a r b o r ,  sandy s u b s t r a t e  and the Redondo Submarine 
Ca nyo n . 

The San Onofre U n i t  1 intake i s  loca ted  on open coast .  The loca t ion  of the 
middle of the 1.2 m intake opening i s  3.5 m below MLLW over  a bottom d e p t h  of  
8.2 m (Figure 1). The local subs t ra te  i s  canposed of medium t o  coarse  sand,
l a rge  amounts of shell debris, and per iodica l ly  exposed boulders and cobble. The 
s t a t i o n  i s  loca ted  on exposed open coas t  backed by low c l i f f s  and f o o t h i l l s .  
Exposure is toward the southwest, and the site i s  subject t o  swells ranging from 
northwest to south southeast .  San Mate0 Point ,  a prominent headland, i s  located 
5.8 km t o  the northwest. Longshore cu r ren t s  a r e  predominently northwest t o  
southeast  w i t h  per iodic  reversa ls  ( S C E  1981). Slope of the bottom i n  the area i s  
approximately 0.9%. The biological comnunity i s  influenced by nearby low r e l i e f  
r e e f s ,  sand and kelp hab i t a t s .  

The major d i f f e rence  associated w i t h  the intake sampling s i tes  i s  geographic
locat ion.  Onond Beach i s  located near the northern l i m i t  of the SCE system and 
San Onofre i s  the most southern (Figure 1). The d i s t ance  between these s t a t i o n s  
i s  158 km. The Redondo Beach complex i s  loca ted  near the c e n t e r  o f  the SCE system
and i s  63 km f r m  Onnond Beach and 95 km f r m  San Onofre. A l l  four ve loc i ty  caps 
a r e  r e l a t i v e l y  s i m i l a r  i n  configurat ion (F igure  3). The Onnond Beach and Redondo 
Beach Units 7 and 8 veloci ty  caps are the same dimensions. A l l  four opening
heights  a r e  the same. Onnond Beach and Redondo Beach a r e  h i g h  volume, h i g h  
entrance ve loc i ty  intakes a t  ocean bottom depths of 10.7 m (MLLW) and 13.7 m 
(MLLW),  r espec t ive ly  (Table 3) .  Redondo Beach Units 5 and 6 i s  a low volume, l o w  
entrance ve loc i ty  intake, w i t h  a bottom dep th  of 9.1 m (MLLW; Table 3 ) .  The San 
Onofre intake i s  intermediate  i n  entrance ve loc i ty  and volume, and the bottom 
depth i s  9.4 m (MLLW; Table 3 ) .  

SUMMARY OF RESULTS AND DISCUSSION 

SUMRIZED RESULTS 

Highest overa l l  l a rva l  entrainment l e v e l s ,  a s  well a s  numbers of  taxa ,  were 
observed a t  Redondo Beach Units 7 and 8, where the intake loca t ion  a t  the harbor 
mouth resu l ted  i n  cont r ibu t ions  from rocky reef (breakwater) ,  pelagic ,  and deep 
water (canyon) communities. 
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A l a r g e  n u m b e r  o f  t a x a  w e r eTaMe 3. Comparison of physical characteristics c o l l e c t e d  f r o m  e a c h  o f  t h e  f o u rof sampled intakes.

I Ormnd leaondo aeacn Sdn sampling s i t e s  ( r a n g i n g  from 6 4  a t  San 
Seam 5 L 6 ’ 5 8 Onofre 1 Onsfre U n i t  1 t o  94 a t  Redondo Beach 

~ a m m r nRatW Anrmal 
g a l l  9.P112.50 2.86/0.76 9.31j2.46 6.9611.84 

U n i t s  7 and 8; F i g u r e  5 ) ;  however, a 
yolme i ~ l O ~ d l l O ~ l  small number o f  t axa  daninated eachI Ent rance  v e l o c ~ t ~  
(m r e c - 1 1  0.82 0.37 0.76 0.67 

D i s t a m e  frm comnuni t y  . 
Shoreline I m l  631 551 289 902 

lmahe/Dl SChdrqC 
conaurt Lenlch i m l  8141640 6461823 177/533 9101727 Several species o f  i c h t h y o p l  anktonOpening Height  (In) 1.2 1.2 1.2 1.2

I cap Depth 1mLM.ml 6.1 4.6 9.1 8.2 1 arvae were c o n s i s t e n t l y  observed a t 

8 o t t m  o w n  lMLLY.m l  10.7 9.1 13.1 

cag Dinemiom 1.1 a.3~io.a 7.619.4 8.3110.6 9.1110.7 9 f o u r  sampl i n g  s i t e s .  Cheekspo t 

Cap Overhang In1 0.b 2.1 0 1.3 

c o n m t  m meter l m l  4 . 3  3.1 4.3 3 .1  goby, I l y p n u s  g i l b e t - t i  and w h i t e  


I 
c r o a k e r ,  Genyonemus i n e a t u s ,  were 

among the major l a r v a l  forms e n t r a i n e d  a t  each o f  t h e  f o u r  in takes.  Two o t h e r  
species,  no r the rn  anchovy, En r a u l i s  mordax, and queenfish, Ser iphus po l  i t u s ,  
were major  components o f  t he+IC t y o p m n  c o r n u n i t y  a t  a l l  b u t  t heRedondo  
Beach U n i t s  5 and 6.

I During 11 o f  t he  12 sampling months, t h e  m a j o r i t y  o f  l a r v a e  were c o l l e c t e d  
d u r i n g  the evening and n i g h t  per iods.  La rva l  entrainment a t  Redondo Beach U n i t s  5 
and 6 was t h e  lowest  among the f o u r  i n t a k e s  examined.

I DISCUSSION 

I 
The re1a t i o n s h i  p between the  species composi t ion o f  t h e  en t ra ined  1a rva l  

community and the type o f  h a b i t a t  p resen t  i n  the waters ad jacen t  t o  an i n t a k e  was 
i l l u s t r a t e d  du r ing  the i n v e s t i g a t i o n .  As would be expected i n  an area such as 
Ormond Beach, w i t h  a subs t ra te  composed almost e n t i r e l y  o f  sand, t h e  e n t r a i n e d  
l a r v a l  community was dominated by f i s h e s  which as a d u l t s  a r e  associated w i t h  a 
s o f t  bot tom substrate.  By comparison, t h e  Redondo Beach U n i t s  7 and 8 and U n i t s  5 
and 6 i n takes  were l o c a t e d  w i t h i n  an area o f  m u l t i p l e  a d u l t  h a b i t a t s .  The major  

l a r v a l  s p e c i e s  o f  t h e  c o m m u n i t i e s  
e n t r a i n e d  a t  t h e s e  two s i t e s  were 
e q u a l l y  s p l i t  between t h o s e  w h i c h  
i n h a b i t  sandy subs t ra te  and those t h a t  
i n h a b i t  rocky r e e f  o r  mud subs t ra tes  
as adu l t s .  

I 
I 
I L a r v a l  e n t r a i n m e n t  a t  t h e  f o u r  

rep resen ta t i ve  cool i n g  water i n t a k e s  
f l u c t u a t e d  m o n t h l y  i n  response  t o  
seasonal f a c t o r s  and spawning h a b i t s  
o f  i m p o r t a n t  s p e c i e s ,  a n d  among 
sampling s i t e s  due t o  phys i ca l  fea-

I 
I I L’ 	 t u r e s  associated w i t h  each 1ocat ion.  

The  r e 1  a t i o n s h i p  b e t w e e n  n e a r b y  
h a b i t a t  types and the  obse rva t i ons  o f  

0‘ A s 0 	 N iJ J F L A L J J I en t ra ined  l a r v a l  species was strong. 
suav~yMONTHS Because nearby h a b i t a t  types a r e  o f tenI Figure 5. 	 Number of species observed monthly in t h e  determin ing f a c t o r  i n  t h e  compo­

entrainment samples at four study sites. s i t i o n  o f  a d u l t  f i s h  f a u n a  i n  t h e  

I 
immediate a r e a  o f  a c o o l i n a  w a t e r  

i n t a k e ,  t h i s  i n f l u e n c e s  much o f  t h e  observed v a r i a t i o n  i n  l a ~ r v a l  entpainment 
l e v e l s .  With the  excep t ion  o f  San Onofre U n i t  1, a m a j o r i t y  o f  t h e  more commonly 
en t ra ined  l a r v a l  species represented t h e  l a r v a l  forms o f  demersal f i shes  t h a t  
i n h a b i t  va r ious  nearby subst rates.  The importance of h a b i t a t  d i v e r s i t y  was 
e s p e c i a l l y  apparent a t  t he  Redondo Beach sampling s i t e s ,  where most O f  t h e  
c o l l e c t e d  species were l a r v a l  forms o f  demersal f ishes,  r e q u i r i n g  s p e c i f i c  
subs t ra tes  t o  spawn t h e i r  eggs (Tab le  4 ) .  

I 
I 
I 3 
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Table 4. 	 Adult habitat and egg type of the 10 
most abundant lanal taxa collected by 
generating station. 

Pel a g i  c Demersal 

H a b i t a t  

San Onofre 5 5 
Redondo Beach 7 6 8 3 7 
Redondo Beach 5 6 6 0 10 
Onond Beach 3 7 

Egg Type 
San Onofre 6 4 
Redondo Beach 7 6 8 4 6 
Redondo Beach 5 6 6 1 9 
Ormond Beach 6 6 

While e n t r a i n m e n t  I eve1 s f l  uc­
tua t ed  monthly a t  a l l  four  i n t a k e s ,  
s i m i l a r  t rends  i n  several  f a c t o r s  were 
observed a t  every in take ,  i r r e s p e c t i v e
o f  loca t ion .  Total numbers of  l a r v a l  
spec ies  and numbers o f  t a r g e t  spec ie s
c o l l e c t e d ,  maximum numbers of spec ie s
observed i n  any one r e p l i c a t e  sample,
and t o t a l  numbers of l a rvae  en t r a ined  
a l l  r e a c h e d  peak  v a l u e s  d u r i n g
the e a r l y  s p r i n g  and e a r l y  f a l l ,  
c o r r e s p o n d i n g  t o  p e r i o d s  o f  h i g h
phytoplankton production i n  coas t a l  
a r e a s  ( F i g u r e  6 ) .  T h i s  phenomenon
i s  a reproduct ive s t ra tegy  commonly
o b s e r v e d  i n  zooplankton  and f i s h  
spec ies  ( Conover 1956, Col ebrook and 
Robinson 1961, S t ee l e  1974, C u s h i n g
1975,  R u n g e  1980)  t h a t  r e s u l t s  i n  
h a t c h i n g  of  l a r v a e  w h e n  f o o d  i s  
r e a d i l y  avai l  able.  These per iods  of 
high abundance a r e  c lose ly  r e l a t e d  to 
observed increases  i n  s tocks of 316(b)  
t a r g e t  s p e c i e s  ( e x c e p t  a t  Redondo 
Beach  U n i t s  5 and 6 1 ,  w h i c h :  1 )
pr imar i ly  occupy lower pos i t i ons  i n  
the nearshore t rophic  s t r u c t u r e ;  2 )  
a r e  u t i l i z e d  a s  forage by p i s c i v o r e s ;
a n d  3 )  a r e  known t o  b e  p r o 1  i f i c  
spawners. Maximum larva l  concentra­
t i o n s  a t  i n t a k e s  w i t h  o f f s h o r e  
i n f l u e n c e s  w e r e  o b s e r v e d  i n  t h e  
spr ing ,  w i t h  a l l  th ree  in t akes  d i s ­
p l a y i n g  peak e n t r a i n m e n t  l e v e l s  i n  
March.  A t  Redondo Beach U n i t s  5 
and 6 ,  peak e n t r a i n m e n t  abundance  
was observed  i n  September ,  a t  the  
c u l m i n a t i o n  o f  a summer s e a s o n  of  
cons i s t en t ly  h i g h  l a rva l  entrainment.  
The s p e c i e s  compos i t ion  o f  i n t a k e  
samples d u r i n g  t h i  s period,  however,
r e f l ec t ed  the inf luence  of t he  harbor 
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Figure 6. 	 M o n t h l y  concentrations (nurn­
berllOOOrn3) of three abundant target 
species larvae at four study sites. 
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and nearby breakwater. The harbor i t s e l f  appears t o  be u n i n v i t i n g  t o  the pe lag i c  
spawners t h a t  dominated peak catches a t  t h e  o t h e r  in takes.  

Data suggest t h a t  e i t h e r  t h e  t i d a l  exchange between the  harbor  and o f f s h o r e  
waters  a t  Redondo Beach i s  r e l a t i v e l y  low,  o r  the c u r r e n t  system w i t h i n  the 
harbor  i s  such t h a t  t he  Redondo Beach U n i t s  5 and 6 i n t a k e  ( l o c a t e d  adjacent  
t o  t h e  j e t t y )  i s  r e l a t i v e l y  i s o l a t e d  f rom t h e  inward f l o w  o f  o f f s h o r e  water 
du r ing  t i d a l  exchange. O f  t h e  s i x  canmon species o f  l a r v a e  en t ra ined  a t  t he  
Redondo Beach U n i t s  7 and 8 i n t a k e  w i t h  a d u l t s  t h a t  spawn o u t s i d e  o f  t h e  harbor 
[no r the rn  anchovy, queenf i  sh, C a l i f o r n i a  ha1i b u t  (Para1 i c h t h y s  c a l  i f o r n i c u s )  , 
P a c i f i c  s a r d i n e  ( S a r d i n o  s sa ax c a e r u l e u s ) ,  d iamond t u r b o t  ( H y p s o p s e t t a4 2 ­g u t t u l a t a )  , and horny ea t u r  o t  (P leu ron ich thys  v e r t i c a l i s ) ] ,  on l y  n o r t h e r n  
anchovy and queenf ish were among t h e  t o p  20 t a x a  en t ra ined  a t  Redondo Beach U n i t s  
5 and 6. 

Water temperature and water temperature h i s t o r i e s  o u t s i d e  the  immediate 
area o f  t h e  study s i t e s  may have a s i g n i f i c a n t  impact on t h e  l a r v a l  p o p u l a t i o n  
s u s c e p t i b l e  t o  entrainment a t  any o f  t h e  o f f s h o r e  in takes.  Th is  i s  e s p e c i a l l y  
t r u e  f o r  species such as no r the rn  anchovy, w i t h  p o p u l a t i o n  cen te rs  l o c a t e d  i n  
o f f sho re  waters (Ah1s t r o m  1956). Northern anchovy spawn i n  water temperatures 
between 13" t o  17°C o f f  C a l i f o r n i a  (Kramer and Zwei fe l  19701. I n  March and A p r i l  
1980, a ma jo r  episode o f  upwe l l i ng  occurred o f f  P o i n t  Conception and the area t o  
t h e  n o r t h ,  r e s u l t i n g  from a sou the r l y  t r a n s p o r t  o f  water l e s s  than 14°C. Upwelled 
waters  were avoided by spawning a d u l t  n o r t h e r n  anchovy (Lasker  e t  a l .  1980). 
Evidence o f  t h e  upwe l l i ng  (sur face-bot tom temperature comparisons) was espe­
c i a l l y  prominent a t  Ormond Beach and Redondo Beach U n i t s  7 and 8, w h i l e  l e s s  
e v i d e n t  a t  San Onofre U n i t  1. The u p w e l l i n g  episode may be respons ib le  f o r  
observed d i f f e r e n c e s  i n  t h e  temporal d i s t r i b u t i o n  o f  n o r t h e r n  anchovy between San 
Onofre U n i t  1 and the  two northernmost sampling s i t e s  by i nduc ing  a v a r i e d  
behavior  i n  d i f f e r e n t  groups o f  t he  o v e r a l l  spawning populat ion.  A t  Ormond 
Beach and Redondo Beach U n i t s  7 and 8, t he  n o r t h e r n  anchovy popu la t i on  e x h i b i t e d  
a major  d e c l i n e  du r ing  May and A p r i l ,  r e s p e c t i v e l y ,  w h i l e  a t  San Onofre U n i t  1 
t h e  d e c l i n e  d i d  n o t  occur u n t i l  June. 

P h o t o p e r i o d ,  w h i c h  was n e a r l y  c o m p a r a b l e  a t  a l l  sampled s i t e s ,  may be 
a major  cue i n i t i a t i n g  spawning and thus d i c t a t e  the i n i t i a l  occurrence or 
i n i t i a l  dens i t y  increase o f  many i n d i v i d u a l  species, i r r e s p e c t i v e  o f  temperature 
v a r i a t i o n  between s i t es .  

R e l a t i o n  o f  Entrainment Size-Frequency t o  Species Ecology 

S i  ze-frequency d i s t r i b u t i o n s  o f  e n t r a i n e d  1a rva l  popu la t i ons  p rov ide  i n f o r ­
mat ion on the rep roduc t i ve  ecology o f  se lec ted  t a r g e t  species. Previous s tud ies  
(SCE 1980) have i n d i c a t e d  t h a t  t he  i n t a k e  i s  an e f f e c t i v e  sampling device fo r  
e s t i m a t i n g  of fshore l a r v a l  concen t ra t i ons  and d i s t r i b u t i o n s .  C o l l e c t i o n s  from 
i n t a k e  samples and o f f s h o r e  tow t r a c k s  were ve ry  s i m i l a r  f o r  w h i t e  croaker and 
queenfi sh i n  bo th  abundance and s ize- f requency d i s t r i b u t i o n  o f  captured 1arvae. 
Larvae i n  s i ze  c lasses g rea te r  than 18 m l e n g t h  were r a r e l y  taken i n  i n take  o r  
n e t  samples. The m a j o r i t y  o f  these l a r v a e  were observed i n  t h e  epibenthos. Larger 
sc iaen id  1arvae taken i n  the mid-water were most suscep t ib le  t o  entrainment. 

The a f f i n i t y  of  t h e  two sc iaen id  t a r g e t  species f o r  t he  epibenthos i n d i c a t e s  
t h a t  ent ra inment  o f  newly-hatched i n d i v i d u a l s  o f  these species occurs o n l y  when 
spawning takes p lace i n  the  v i c i n i t y  o f  t h e  i n take .  Approximately 85% o f  wh i te  
croaker  l a r v a e  observed i n  c o l l e c t i o n s  a t  t h e  two Redondo Beach i n t a k e s  were l e s s  
than 7 days o l d  ( B a r n e t t  and S e r t i c  19791, compared t o  75% a t  San Onofre U n i t  1 
and o n l y  55% a t  Ormond Beach (Tab le  5 ) .  Pe rcen t  abundance o f  3 t o  6 mm l a r v a e  
a t  Ormond Beach was 2 t o  3 t imes g r e a t e r  than a t  any o t h e r  sampled in take.  These 
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Table 5. Yearly percent entrainment by size class of target species larvae. 

S p e c i e s  
Engraul is m o r d a x  Genyonunus I ineatus Seriphus politus 

S i z e  Class fnm) 08 R5 R 7  SO OB R5 R 7  SO 08 R5 R7 SO 

21-24 

0-3 32.1 28.1 29.8 29.4 54.5 87.2 84.8 15.3 3.1 33.4 57.4 33.1 
3-6 13.8 26.0 31.8 22.4 36.7 12.6 14.8 15.0 89.9 56.7 38.8 54.4 
6-9 5.7 30.5 14.5 9.3 6.5 0.2 0.4 6.7 6.8 7.9 3.5 8.3 
9-12 

12-15 
15-18 
18-21 

16.3 
13.5 
9.7 
5.9 

9.3 
3.8 
2.1 
0.2 

13.3 
8.5 
1.8 
0.2 

12.4 
10.3 
11.0 
4.0 

1.7 
0.4 
0.1 

(0.1 

-
---

(0.1 
-
-

1.3 
1.2 
0.3 

0.2 
(0.1 
(0.1 
(0.1 

2.0---

0.1 
(0.1 
(0.1 
(0.1 

3.0 
(0.1 
(0.1 
(0.1 

2.5 - 0.1 0.9 (0.1 - - (0.1 - (0.1 (0.1 
24-2? 0.5 - (0.1 0.2 (0.1 ­
27-30 0.1 - (0.1 0.1 

d i s t r i b u t i o n s  i n d i c a t e  t h a t  major  spawning took p l a c e  i n  c l o s e s t  p r o x i m i t y  t o  
t h e  Redondo Beach U n i t s  7 and 8 and San Onofre U n i t  1 in takes ,  and somewhat 
f u r t h e r  away f rom t h e  Ormond Beach in take .  

T h i s  t r e n d  i s  even more e v i d e n t  f o r  queenf ish,  where spawning appears t o  
have taken p lace  neares t  t o  Redondo Beach U n i t s  7 and 8 and f a r t h e s t  f rom Ormond 
Beach. Larvae i n  the  0 t o  3 mm s i z e  c l a s s  comprised g r e a t e r  than 57% o f  t o t a l  
queen f i sh  en t ra inmen t  a t  Redondo Beach U n i t s  7 and 8, b u t  on l y  33% a t  San Onofre 
U n i t  1 and 3% a t  Ormond Beach. An inve rse  p a t t e r n  was observed f o r  3 t o  6 mn 
l a r v a e ,  rang ing  from 90% o f  t o t a l  c o l l e c t i o n s  a t  Ormond Beach t o  39% a t  Redondo 
Beach U n i t s  7 and 8. Resu l t s  i n d i c a t e  t h a t  queenf ish spawn f a r t h e r  o f f s h o r e  than 
w h i t e  croaker ,  s i n c e  t h e  median s i z e  o f  queenf ish l a r v a e  e n t r a i n e d  a t  each i n t a k e  
were l a r g e r  due t o  t h e  l o n g e r  development t i m e  d u r i n g  the  p e r i o d  between ha tch ing  
and entrainment.  The d i s t r i b u t i o n  and abundance o f  these two f i s h e s  i s  governed 
by behav io ra l  p a t t e r n s  ( f e e d i n g  and rep roduc t i on )  as w e l l  as phys ica l  f a c t o r s  
(Hobson and Chess 1976, DeMart in i  and Founta in  1981) which may be r e s p o n s i b l e  f o r  
y e a r l y  v a r i a b i l i t y  i n  pr imary spawning l o c a t i o n s  f r e q u e n t l y  observed a t  San 
Onofre U n i t  1 (SCE 19811. 

The re1 a t i o n  o f  ent ra inment  s i  ze-frequency d i s t r i b u t i o n s  o f  n o r t h e r n  anchovy 
l a r v a e  t o  spawning h a b i t  i s  l e s s  c l e a r .  P e r c e n t  e n t r a i n m e n t  b y  s i z e  c l a s s  
was s i m i l a r  f o r  a l l  f o u r  in takes.  The o v e r a l l  l a r v a l  s i z e  frequency d i s t r i b u t i o n  
i n d i c a t e d  s l i g h t l y  l a r g e r  l a r v a e  were c o l l e c t e d  a t  Ormond Beach, b u t  s u b s t a n t i a l  
concen t ra t i ons  were, a l s o  observed a t  San Onofre U n i t  1 and Redondo Beach U n i t s  7 
and 8. The l a c k  o f  d i s t i n c t  d i f f e r e n c e s  between i n t a k e s  o f  va ry ing  phys i ca l  
c h a r a c t e r i s t i c s  a t t e s t s  t o  the u b i q u i t o u s  spawning na tu re  o f  t h i s  species. 

Entra inment  V a r i a b i l i t y  Over Sampling Years - San Onofre U n i t  1 

I n t a k e  sampl i n g  f o r  t he  316(b) I ch thyop l  ankton Entrainment program extended 
t o  30 t h e  nunber o f  consecut ive months t h a t  ent ra inment  samples were c o l l e c t e d  a t  
San Onofre U n i t  1 u t i 1  i z i n g  c u r r e n t  methodology. Overa l l  mean concen t ra t i ons  of  
l a r v a e  were 20% lower  ( F i g u r e  7 )  between August 1979 t o  J u l y  1980, compared t o  
those observed between February 1978 and J u l y  1979 (SCE 1980). The decrease i s  
a t t r i b u t a b l e  t o  1ower concen t ra t i ons  o f  n o r t h e r n  anchovy and w h i t e  c roake r  d u r i n g  
t h e  316(b) program. Mean annual concen t ra t i ons  o f  each o f  these two Species 
decreased 40% from t h e  prev ious 18 months. A 50% increase i n  mean concen t ra t i ons  
of  queenfish over  t h e  prev ious p e r i o d  was observed du r ing  the 316(b) program, b u t  
t h e  o v e r a l l  percent  composi t ion o f  t o t a l  ent ra inment  represented by t h e  th ree  
t a r g e t  species decreased 7% i n  t h e  l a t t e r  12 months. 

Comparison of pe rcen t  composi t ion o f  ent ra inment  samples by s i z e  c l a s s  f o r  
t h e  t h r e e  m a j o r  t a r g e t  s p e c i e s  ( T a b l e  6 )  i n d i c a t e d  a s u b s t a n t i a l  s h i f t  i n  
S i  Ze-freqUenCY d i s t r i b u t i o n s  d u r i n g  the  316(b) sampl i n g  program. I n  compari Sons 
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FEERUARI1978-JULY 1979 -a 


AUGUST 1 9 7 9  -JULY 1980  b 

FEBRUARY 1078 - JULY 1 0 7 9  

AUGUST 1979 - JULY 1980 

40 

40 t 
60 ­

40 ­

0 3 6 0 12 16 18 21 24 27 30 0 3 6 0 I2 16 18 21 24 27 30 0 3 6 0 12 16 18 21 24 27 30 

SIZE CLASSES Imm) 

F i g r e  7. 	 Comparative size-kequency distributions of three abundant target species 
during entrainment collections: a) San Onofre Preoperational Monitoring 
Program (PMP) Special Study, daily mean; b) 316(b)  lchthyoplankton 
Entrainment Study (IES). daily mean; c) San Onofre PMP Special Study, 
mean of evening and night periods only; and d )  316(bJ IES, mean of evening 
and night periods only. 
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1 
Table 6. 	 Percent composition of mean yearly entrainment by size class and size class 

night periods at  San Onofre Unit 1. 

imn) Feb 7 8 4 ~ 179 Aug 79-Jul 80 Feb 78-Jul 79 Aug 73-Jul 80 Feb 78-Jul 79 Aug 79-Jul 80 

Overall 
~.0- 3 
3-6 

13.1 
9.6 

29.4 
22.4 

48.1 
41.4 

75.3 
15.0 

13.7 
70.3 

33.1 
54.4 I 

6-9 9.0 9.3 8.6 6.7 12.7 8.3 
9-12 18.3 12.4 1.8 1.3 2.1 3.0 

12-15 15.5 10.3 0.1 1.2 0.4 0.1 
15-18 12.3 11.0 0.3 0.3 <o. 1 

Size  Class Engrau l i s  mordax Genyonmus l i  neatus  Se r iphus  p o l i t u s  I 

18-21 10.3 4.0 0.4 (0. 1 I 
21-24 7.8 0.9 co.1 (0.1 0.2 (0.1 

Night  Pe r iods  I 
0-3 10.3 25.2 26.9 69.9 0.9 22.6 
3-6 
6-9 
9-12 

12-15 

9.3 
7.1 

12.0 
13.0 

22.5 
10.1 
13.7 
11.3 

51.4 
12.6 
3.0 
0.1 

17.2 
8.0 
2.0 
2.3 

79.3 
15.1 
2.7 
0.6 

62.9 
12.9 

1.2 
0.2 I 

15-18 14.1 10.1 0.6 0.3 0.1 

24-27 3.9 0.2 
27-30 0.3 0.1 

18-21 15.8 5.4 0.7 0.1 

21-24 11.6 . 1.2 0.1 0.4 

24-27 6.3 0.3 

27-30 0.5 0.1 I 


o f  mean y e a r l y  ent ra inment  over b o t h  d a i l y  and n i g h t t i m e  per iods,  l a r v a e  i n  

s m a l l e r  s i z e  c lasses represented a l a r g e r  percentage o f  t h e  t o t a l  ca tch  o f  

a l l  t h r e e  species. The s h i f t  i s  e s p e c i a l l y  e v i d e n t  f o r  n o r t h e r n  anchovy and I 

w h i t e  croaker.  The t rend  toward o v e r a l l  h i g h e r  pe rcen t  abundance i n  m a l l  e r  

s i z e  c lasses  i s  ma in l y  a re f l ec t i on  o f  t rends  observed i n  n i g h t  samples, when 

t h e  m a j o r i t y  o f  t a r g e t  species l a r v a e  a r e  c o l l e c t e d .  Poss ib le  causes f o r  t h e  I
d i f f e r e n c e s  i n  abundances and t h e  observed s ize- f requency s h i f t  i n c l u d e :  1 )  fewer 

anchovy and wh i te  croaker a d u l t s  spawning i n  the  area around San Onofre, e i t h e r  

due t o  decreased abundance or a s h i f t  i n  l o c a t i o n  o f  major  spawning grounds; 

2 )  an increased m o r t a l i t y  r a t e  f o r  n o r t h e r n  anchovy and w h i t e  croaker  l a r v a e  over  I

observa t i ons  o f  t h e  prev ious 18 months, whether due t o  increased predat ion,  

un favo rab le  water column c o n d i t i o n s ,  o r  n u t r i t i o n a l  inadequacies; 3 )  an increase 

i n  t h e  number o f  reproducing queenf ish a d u l t s  accompanied by an increase i n  

q u e e n f i s h  l a r v a l  m o r t a l i t y ;  a n d / o r  4 )  an i n s h o r e  s h i f t  o f  m a j o r  q u e e n f i s h  I 

spawning i n  t h e  San Onofre area. 


F a c t o r s  Determin ing Entrainment Trends I 
Several f a c t o r s  combine t o  determine t h e  abundance, canpos i t i on ,  and s ize-

frequency d i s t r i b u t i o n  o f  1arvae e n t r a i n e d  i n  o f f s h o r e  c o o l i n g  water in takes.  The 
c a n p o s i t i o n  o f  t h e  l a r v a l  assemblage i s  p r i m a r i l y  dependent on h a b i t a t  types 
near t h e  i n take ,  and the l o c a t i o n  o f  t h e  r i s e r  i n  r e l a t i o n  t o  the  dominant water I 
body a v a i l a b l e  f o r  entrainment ( o f f s h o r e  pe lag i c ,  harbor ,  r i v e r ,  e tc . ) .  T h i s  
f a c t o r  i s  evidenced by t h e  d i f f e r e n c e s  between i n t a k e  species c a n p o s i t i o n  and 
abundance a t  Redondo Beach U n i t s  5 and 6 compared t o  U n i t s  7 and 8, l o c a t e d  o n l y  
670 m apart .  Species composi t ion v a r i e s  seasona l l y  accord ing t o  the  l i f e  h i s t o r y  1 
of t h e  va r ious  components o f  t h e  assemblage, i n c l u d i n g  p r e f e r r e d  spawning season, 
spawning l o c a t i o n  (depth, temperature, e tc . ) ,  and feeding mode o f  t h e  l a r v a e ,  
which detennine t h e i r  v e r t i c a l  d i s t r i b u t i o n  (Sch lo t te rbeck  and Connal ly 1982). I 

Abundance o f  l a r v a e  i n  e n t r a i n m e n t  samples i s  h i g h l y  dependen t  o n  t h e  
spawning success of  i n d i v i d u a l  species i n  t h e  area o f  t h e  i n take ,  and may va ry  
d i r e c t l y  w i t h  d i s tance  o f  t h e  i n t a k e  from major  spawning grounds, which w i l l  1a f f e c t  m o r t a l i t y  and decrease t h e  number o f  l a r v a e  a v a i l a b l e  f o r  entrainment.  I n  

I 

I 
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t h e  immediate v i c i n i t y  o f  t he  i n take ,  phys i ca l  c h a r a c t e r i s t i c s  o f  t h e  i n t a k e  
i t s e l f ,  i n c l u d i n g  f l o w  volume, des ign o f  t h e  r i s e r  s t r u c t u r e ,  o p e r a t i n g  schedule 
o f  t h e  p l a n t ,  and l o c a t i o n  i n  the  water column may be s i g n i f i c a n t .  The end 
r e s u l t  o f  these combined f a c t o r s  i s  t h e  h i g h  degree o f  v a r i a b i l i t y  i n  p lank ton  
c o l l e c t i o n s  a t  a l l  f o u r  sampled in takes.  

Size-frequency d i s t r i b u t i o n s  o f  i n d i v i d u a l  species c o l l e c t e d  i n  ent ra inment  
samples a r e  a f f e c t e d  by t i m i n g  and e x t e n t  o f  v e r t i c a l  m i g r a t i o n ,  a b i l i t y  t o  avo id  
t h e  v i c i n j t y  o f  . t he  i n take  s t r u c t u r e ,  and swimming a b i l i t y  o f  each species 
compared t o  i n t a k e  f l o w  r a t e .  The absence o f  s c i a e n i d  l a r v a e  g r e a t e r  t han  12 mn 
i n  entrainment samples from Redondo Beach U n i t s  5 and 6 may be d i r e c t l y  r e l a t e d  
t o  t h e  low f l o w  volune and i n t a k e  v e l o c i t y  a t  t h i s  l o c a t i o n .  Other f a c t o r s  t h a t  
determine size-frequency d i s t r i b u t i o n s  are m o r t a l i t y  r a t e s  among va r ious  s i z e  
groups, and the  d i s t a n c e  t h a t  l a r v a e  must t r a v e l  to be s u b j e c t  to entrainment,  
which w i l l  a l l o w  t h e  l a r v a e  increased development time. 

I n f l u e n c e s  o f  Phys i ca l  Parameters 

Tide. T i d a l  c o n d i t i o n s  i n  t h e  v i c i n i t y  o f  c o o l i n g  water  i n t a k e s  may c rea te  
t u r b u m  f l o w  c o n d i t i o n s  t h a t  a f f e c t  1a r v a l  d i s t r i b u t i o n .  T i d a l  h e i g h t  appeared 
t o  have a s i g n i f i c a n t  e f f e c t  on l a r v a l  entrainment o n l y  a t  one i n t a k e  s i t e .  
Dur ing f o u r  o f  t h e  f i v e  months o f  h i g h e s t  ent ra inment  l e v e l s  a t  Ormond Beach 
(January through A p r i l  1980), t he  t i d e  d u r i n g  the  p e r i o d  o f  g r e a t e s t  l a r v a l  
entrainment was r i s i n g  from a l o w  t o  a high. The l a r v a l  assemblage d u r i n g  each o f  
these months was dominated by 316(b) t a r g e t  species t h a t  a r e  p e l a g i c  spawners, 
e s p e c i a l l y  no r the rn  anchovy and w h i t e  croaker.  A t  t h e  o t h e r  th ree  i n takes ,  
pe r iods  o f  maximun l a r v a l  l o s s  du r ing  these same f o u r  months d i d  n o t  c o r r e l a t e  
well w i t h  t i d a l  he igh t ,  even a t  San Onofre, where l a r v a e  o f  316(b) t a r g e t  species 
a l s o  dominated c o l l e c t i o n s  du r ing  months o f  peak abundance. While t i d a l  i n f l u ­
ences and l a r v a l  entrainment d i d  n o t  c o r r e l a t e  w e l l  , t h e  p e r i o d  d i s p l a y i n g  
h ighes t  numbers o f  l a r v a e  en t ra ined  was most f r e q u e n t l y  i n  the  crespuscular  o r  
n i g h t t i m e  hours. Th is  i n d i c a t e s  t h a t  w h i l e  h i g h  o r  r i s i n g  t i d e s  may i n f l u e n c e  
entrainment of  l a r v a e  spawned p e l a g i c a l l y ,  t he  i n f l u e n c e  i s  c o i n c i d e n t a l  w i t h  
pe r iods  o f  t r a n s i t i o n  o f  l i g h t  and dark,  when v e r t i c a l  m i g r a t i o n  (Sameoto 1975, 
Z a r e t  and Suf fern 1976) has been observed i n  many p l a n k t o n i c  species and v i s u a l  
avoidance i s  reduced. Evidence o f  v e r t i c a l  m i g r a t i o n  by some 316(b) t a r g e t  
species l a r v a e  has been discussed p rev ious l y  (SCE 1980). V e r t i c a l  m i g r a t i o n  o f  
t a r g e t  species l a r v a e  appears t o  be a more impor tant  f a c t o r  than t i d a l  l e v e l  i n  
determin ing 1eve1 s o f  i n t a k e  entrainment.  

Sea State.  The e f f e c t s  o f  storms and heavy swe l l s  have been shown t o  con­
t r i b u t e  to increased l e v e l s  o f  impingement o f  a d u l t  f i s h e s  a t  coas ta l  generat ing 
s t a t i o n s  (SCE 1981). The inf luence o f  sea s t a t e  on l a r v a l  ent ra inment  i s  l e s s  
c e r t a i n .  A t  Ormond Beach, heavy seas were encountered d u r i n g  August 1979 and 
March and June 1980. As discussed p rev ious l y ,  March ent ra inment  concen t ra t i ons  
were t h e  h ighes t  observed a t  t h i s  i n take .  To ta l  l a r v a l  concen t ra t i ons  i n  August 
and June, however, ranked l l t h  and 12th,  r e s p e c t i v e l y ,  ove r  t h e  12-month sampl i n g  
year.  Resu l t s  a t  o t h e r  i n takes  were s i m i l a r  t o  those observed a t  Ormond Beach. 
Tota l  concen t ra t i ons  a t  San Onofre ranked 8 t h  and l l t h ,  r e s p e c t i v e l y ,  d u r i n g  t h e  
months of  observed heavy seas. Sea s ta te ,  l i k e  t i d a l  he igh t ,  appears t o  be l e s s  
o f  a f a c t o r  determin ing l a r v a l  entrainment than does v e r t i c a l  m ig ra t i on ,  v i s u a l  
avoidance, and seasona l i t y .  

Temperature-Sal in i ty .  A t  i n takes  drawing c o o l i n g  water  m a i n l y  from offshore 
areas, temperature and s a l i n i t y  appeared t o  have l i t t l e  e f f e c t  on numbers o f  
l a r v a e  en t ra ined  over a sampling day d u r i n g  any month. R e l a t i v e l y  wel l -mixed 
water columns were observed du r ing  months o f  maximum entra inment  w i t h  no thetmo­
c l  i n e  o r  h a l o c l i n e  d iscernable.  Dur ing months when a d i s t i n c t  thermocl ine was 
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measured a t  one o f  t h e  o f f s h o r e  i n t a k e s  and h i g h  l a r v a l  concen t ra t i ons  were 
observed, no c o n s i s t e n t  p a t t e r n  o f  ent ra inment  c o n c e n t r a t i o n  versus thermocl ine 
l o c a t i o n  was noted. A t  Redondo Beach U n i t s  5 and 6, h i g h e s t  l a r v a l  entrainment 
was observed d u r i n g  smmer months, when t h e  water  c o l m n  i n  t h e  harbor '  was 
w e l l - s t r a t i f i e d .  The major  thermal break i n  t h e  water  column temperature p r o f i l e  
was observed below or a t  t h e  l e v e l  o f  t h e  i n t a k e  opening d u r i n g  these months. It 
i s  p o s s i b l e  t h a t  l a r v a e  associated wi th t h e  harbor  and breakwater h a b i t a t s  
m i g r a t e  i n t o  the upper water column as t h e  c o o l e r  s a l i n i t y  wedge en te rs  t h e  
ha rbo r  d u r i n g  h i g h  t i d e ,  and a r e  more s u s c e p t i b l e  t o  ent ra inment  d u r i n g  t h i s  
per iod.  

The r e l a t i o n s h i p  between t h e  temporal d i s t r i b u t i o n  o f  ma jo r  t a r g e t  and 
n o n - t a r g e t  species and the  phys i ca l  e n v i r o n e n t  was examined by g raph ica l  pro­
cedures. The mean sur face and bottom water temperature and s a l i n i t y  observed 
d u r i n g  month ly  i n t a k e  c o l l e c t i o n s  were p l o t t e d  toge the r  w i t h  t h e  average nunber 
o f  day1 i g h t  hours versus ent ra inment  abundance. For t h e  purpose o f  examinat ion,  
l a r v a l  species were d i v i d e d  i n t o  two groups: 1) species whose a d u l t s  i n h a b i t  and 
spawn i n  t h e  upper water column ( n o r t h e r n  anchovy); and 2 )  species whose a d u l t s  
i n h a b i t  and spawn i n  t h e  lower  water column o r  benthos ( w h i t e  croaker ,  queenf ish,  
cheekspot goby, Gibbonsia sp. A and r e e f  f i n s p o t ) .  The occurrence and temporal 
d i s t r i b u t i o n  o f  i n d i v i d u a l  spec ies were then r e l a t e d  t o  t h e  temperatures and 
s a l i n i t i e s  corresponding t o  t h e  a d u l t  h a b i t a t .  The examinat ion o f  t h e  i n t e r ­
r e l a t i o n s h i p  between t h e  phys i ca l  env i rorment  and cheekspot goby, r e e f  f i n s p o t ,  
and Gibbonsia sp. A was cen te red  a t  Redondo Beach U n i t s  5 and 6 because: 1) t he  
species were more abundant a t  t h i s  i n t a k e  than a t  the o t h e r  s i t e s ;  and 2 )  Redondo 
Beach U n i t s  5 and 6 were n o t  d i r e c t l y  exposed t o  o f f s h o r e  waters, and thus the  
community was l i k e l y  t o  be l e s s  a f f e c t e d  by t h e  surrounding waters than the  
remain ing t h r e e  s i t e s .  

R e s u l t s  o f  t h e  examinat ion revealed no r e 1  a t i o n s h i p  between t h e  temporal 
d i s t r i b u t i o n  o f  s e l e c t e d  s p e c i e s  and s a l i n i t y .  Genera l  r e l a t i o n s h i p s  were 
observed i n  several  i ns tances  between species occurrence and temperature and lo r  
photoper iod.  Northern anchovy 1arvae e x h i b i t e d  no s t r i c t  re1 a t i o n s h i p  w i t h  
temperature o r  photoper iod,  though the  species was c o l l e c t e d  i n  h ighe r  d e n s i t i e s  
i n  t h e  " c o l d  water"  months o f  t h e  year,  f o l l o w i n g  the summer temperature peak. 
A secondary peak i n  n o r t h e r n  anchovy d e n s i t y  corresponded t o  pe r iods  of  annual 
maximum temperatures a t  o f f s h o r e  s i t e s .  The occurrence o f  w h i t e  croaker co r res ­
ponded t o  bottom water temperatures below 17°C a t  a l l  b u t  t h e  San Onofre U n i t  1 
sampl i n g  s i t e ,  where no re1a t i o n s h i  p wi th temperature was observed. The i n i  ti a1 
appearance o f  the  e a r l y  developmental stages o f  wh i te  c roake r  (2.5 t o  3 mm) 
corresponded t o  bo th  decreased bottom temperature and photo-per iod a t  Ormond 
Beach and Redondo Beach U n i t s  7 and 8. 

METHODS 

SAMPLING PROTOCOL 

The monthly sampling regime a t  each i n t a k e  was comprised o f  24 hal f -hour  
pump samples, w i t h  f o u r  morning and f o u r  a f t e r n o o n  samplings d u r i n g  the day, and 
f o u r  evening and f o u r  pre-dawn samplings a t  n i g h t .  Four ha l f -hou r  samples were 
c o l l e c t e d  d u r i n g  bo th  t h e  sun r i se  and sunset c repuscu la r  per iods.  The s t a t i o n s  
were sampled over a ten-day p e r i o d  near the m i d d l e  o f  each month, w i t h  sampling 
coord inated i n  t ime w i t h  o f f sho re  c o l l e c t i o n s  b y  USC's I M C S  e f f o r t .  T y p i c a l l y ,  
San Onofre U n i t  1 was sampled on a Wednesday, Ormond Beach t h e  f o l l o w i n g  Monday, 
and the two Redondo Beach study 1ocat ions were sarnpl ed c o n c u r r e n t l y  t h e  f o l 1  O W i  ng 
Thursday. The i n i t i a l  p e r i o d  sampled was t h e  morning (0900-1100 PST, 4 r e p l i ­
ca tes ) ,  and the f i n a l  p e r i o d  was sun r i se  t h e  f o l l o w i n g  day. 
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I Sample v o l m e  need be s u f f i c i e n t l y  l a r g e  t o  c o l l e c t  adequate nunbers o f  
t a r g e t  species f o r  re1i a b l e  s t a t i s t i c a l  t reatment;  however, i nc reased  v o l  urne 
o v e r  t i m e  may i n d u c e  h i g h e r  s a m p l i n g  m o r t a l i t y  (McGroddy and Wyman 1 9 7 7 ) .  
Temporal d i f f e r e n c e s  i n  concen t ra t i ons  p o t e n t i a l l y  r e q u i r e  d i f f e r e n t i a l  volumes. 
Resu l t s  o f  ichthyoplankton c o l l e c t i o n  a t  t h e  SONGS U n i t  1 i n t a k e  from August 1977 
t o  J u l y  1979 (SCE 1980) i n d i c a t e d  volumes of 100 IT? were r e q u i r e d  t o  accu ra te l y  . 
es t ima te  t a r g e t  species concentrat ions.  Vol es f o r  ent ra inment  i n v e n t o r y  (and
subsequent mass balance) samples were lOOtP0 9. 

I 
I m-

1 
Analyses o f  i ch thyop lank ton  concen t ra t i ons  over 24 months a t  SONGS U n i t  1 

i n t a k e  (SCE 1980) showed t h a t  data v a r i a b i l i t y  o f  t a r g e t  species ( E .  mordax, G. 
l i n e a t u s ,  and S .  o l i t u s )  was s u f f i c i e n t l y  h i g h  t h a t  sampling need-be-ctgd 
a t  l e a s t  m o n t h 5  t o%-e t e c t  species d i f f e r e n c e s  of  100 t o  150% among months. Those 
s t u d i e s  a l s o  demonstrated t h a t  a wide f l u c t u a t i o n  i n  r e p l i c a t i o n  was r e q u i r e d  t o  
d e t e c t  d i f f e rences  between t h e  means o f  any two r e p l i c a t e s  (50  t o  300%), and 
t h a t  r e p l i c a t i o n  i s  dependent on t a r g e t  species, t i m e  o f  day, and season. 
sampling was conducted d u r i n g  moderate concen t ra t i ons  (500 t o  5000/1000 Wh5n1 

m ) 
of  t a r g e t  species (February t o  May), 24 i n t a k e  r e p l i c a t e s  were d e t e n i n e d  s a t i s ­
f a c t o r y  t o  de tec t  a 50 t o  200% d i f f e r e n c e  between any two r e p l i c a t e s .1 

Sampl es of  en t ra ined  i ch thyop l  ankton were pumped from w i t h i n  the i n t a k  
r i s e r s  us ing  a c e n t r i f u g a l  whorl N ie l sen  Model NCH F i s h  Pump r a t e d  a t  227 lrg
h r - l  a t  2 m head. The pump d ischarge was d i r e c t e d  over t h e  s i d e  o f  t he  vesselI 	 and was equipped w i t h  a Dacron sleeve which increased from 25.4 cm diameter a t  
t h e  p m p  discharge terminus t o  1 m diameter a t  t he  p o i n t  o f  at tachment t o  the 
f i l t e r i n g  net.I The f i l t e r i n g  r a t i o ,  o r  f i l t e r i n g  a r e a  t o  mouth a rea ,  was d e s i g n e d  t o  
meet the specia l  requirements o f  t h e  f i s h  pump net .  A t h e o r e t i c a l  r a t i o ,  R, 
was c a l c u l a t e d  from a d e s i r e d  c o l l e c t i o n  volume and the f i x e d  mouth area. The 
t h e o r e t i c a l  R o r  f i l t e r i n g  r a t i o  was c a l c u l a t e d  as:I 

I loglo R = .38 loglo -.17 

where V was volume f i l t e r e d  and A was mouth area. This  equat ion,  f rom Smith e t  
a l .  (19681, was f o r  nearshore o r  "green water" ,  where c logg ing  was l e s s  l i k e l y .  
C a l c u l a t i o n s  were based on a p o r o s i t y  o f  0.46 associated w i t h  333 micron N i t e x  
mesh. Since the actual  R ( f i l t e r i n g  area/mouth a rea ) ,  equals t h e  t h e o r e t i c a l  R ,  
nearshore n e t  c logging was r a r e l y  expected. The ac tua l  R ( f i l t e r i n g  area mouth 
area) of t h e  f i s h  pump n e t  was 4.26, w i t h  a t o t a l  mesh area o f  7.32 4.The 
c y l i n d e r  and cone areas were 4.38 d and 2.93 d ,  r e s p e c t i v e l y .  

I 
I 

I n t a k e  samples were f i l t e r e d  through a 333 micron mesh n e t  and preserved 
wi th  4% bu f fe red  Formalin-seawater. Volumes o f  water pumped were est imated us ing 
a General Oceanics Model 2030 f l o m e t e r  mounted i n  t h e  aluminum in take  elbow.I 
LABORATORY PROCESSING 

I I n take  and discharge samples were so r ted  i n  the  l a b o r a t o r y  us ing  d i ssec t i ng  
microscopes. No r e d u c t i o n  in sample s i z e  was made a t  any time. A l l  samples were 
reso r ted  w i t h  the  f i n a l  r e s o r t  recovery r a t e  g r e a t e r  than 99%. 

I General processing procedures were a m o d i f i c a t i o n  o f  Smith and Richardson 
(19771, and permanent f i x a t i o n  fo l lowed Ahlstrom (1976) .  A l l  l a r v a e  were sorted, 
i d e n t i f i e d  t o  t h e  l o w e s t  p o s s i b l e  t a x o n ,  and enumerated. Key s p e c i e s  were 
measured t o  the nearest  0.5 mm.I 

I 
I 
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ESTIMATE OF LARVAL ENTRAINMENT 

Emp i r i ca l  data from i n t a k e  samples were used t o  est imate the  annual loss  
a t t r i b u t a b l e  t o  entrainment.  Entrainment es t ima tes  were based on t h e  f o l l o w i n g  
assunpt ions:  1) a rep resen ta t i ve  sample was withdrawn from the  i n t a k e ;  2 )  t h e  
d e n s i t y  and composi t ion o f  samples c o l l e c t e d  d u r i n g  the 12 monthly surveys were 
r e p r e s e n t a t i v e  o f  unsampled per iods;  and 3 )  t h e  c o o l i n g  water volume c i r c u l a t e d  
p e r  u n i t  t i m e  was c o n s i s t e n t  and cont inuous ove r  one year .  

The d a i l y  l o s s ,  i n  nunbers o f  i n d i v i d u a l s  f o r  each species, was c a l c u l a t e d  
as : 

(1) D a i l y  Loss = [Volume c i r c u l a t e d / d a y ]  [ (dens i t yday ) (day  hours/24 hours) 
+ 	 (densitysun,,t) ( s u n s e t  h o u r s / 2 4  h o u r s )  + ( d e n S i t Y n i g h t )  ( n i g h t  
hours/24 hours) t (densi  tysunr ise)  ( s u n r i s e  hours/24 h o u r s ) ] / 1 0 0 0 d  

where d e n s i t y  = mean number 1000 nr3 c o l l e c t e d  d u r i n g  a sample p e r i o d .  

The month ly  l o s s ,  i n  numbers o f  i n d i v i d u a l s  f o r  each species was c a l c u l a t e d  
as : 

( 2 )  Monthly l o s s  = ( D a i l y  l o s s )  (Dm) 
d a i l y  l o s s  = from equat ion ( 1 )  

Dm = 	 50% o f  t h e  days u n t i l  t h e  subsequent survey 
t 50% o f  t h e  days from the  p rev ious  survey 

The annual l o s s ,  i n  nunbers o f  i n d i v i d u a l s  f o r  each species was c a l c u l a t e d  
as: 

( 3 )  Annual Loss = 	 month1 + month 2 ... month 12 
Monthly l o s s  = from equat ion ( 2 ) .  

DETAILED RESULTS AND ANALYSES 

A t  Ormond Beach, f i v e  taxa comprised 80% o f  t h e  c a t c h  d u r i n g  10 of t he  12  
months sampled, w h i l e  a t  Redondo Beach U n i t s  5 and 6, f i v e  taxa comprised 80% of  
t h e  c a t c h  d u r i n g  9 o f  t he  12 months sampled. Al though t h e  dominance of t h e  major 
taxa a t  San Onofre U n i t  1 and Redondo Beach U n i t s  7 and 8 was n o t  as ex tens i ve ,  
t h e  f i v e  ma jo r  species s t i l l  comprised over 60% o f  t h e  ca tch  f o r  t h e  m a j o r i t y  o f  
t h e  year.  

O v e r a l l ,  i n t a k e  concen t ra t i ons  a t  Redondo Beach U n i t s  7 and 8 were the 
h i g h e s t  observed d u r i n g  5 o f  t he  12 survey months, i n c l u d i n g  summer, f a l l ,  
w i n t e r ,  and s p r i n g  sampl i n g  per iods,  a t t e s t i n g  t o  t h e  d i v e r s e  assemblage o f  
spec ies a f f e c t e d  by t h i s  i n take .  Major pe r iods  o f  ent ra inment  a t  Redondo 
Beach U n i t s  7 and 8 were from December t o  March and June t o  September, and 
t o t a l  numbers o f  species c o l l e c t e d  each month were t h e  h ighes t  o f  a l l  four 
i n t a k e s  sampled. Numbers o f  316(b) t a r g e t  species and maximum nunbers o f  species 
c o l l e c t e d  i n  a s i n g l e  rep1 i c a t e  sample were c o n s i s t e n t l y  among the h ighes t  
observed each month. 

Samples c o l l e c t e d  a t  Onnond Beach Generat ing S t a t i o n  a l so  comprised a major  
p o r t i o n  o f  o v e r a l l  l a r v a l  entrainment.  The sandy bot tom h a b i t a t  surrounding the 
i n t a k e  r e s u l t e d  i n  pe lag i c  and s o f t  bottom species dominat ing t h e  c o l l e c t e d  
l a r v a l  assemblage. Larva l  concen t ra t i ons  a t  Ormond Beach were h i g h e s t  among the 
four i n t a k e s  d u r i n g  f o u r  months, a l l  o c c u r r i n g  between November 1979 and May 
1980, i n d i c a t i n g  t h e  i n f l u e n c e  o f  w i n t e r  spawning species. Occurrence o f  h ighes t  
1a rva l  concen t ra t i ons  du r ing  these months was c o n s i s t e n t l y  observed d u r i n g  
crepuscular  pe r iods ,  w h i l e  occurrences of  h i g h e s t  concen t ra t i ons  d u r i n g  o the r  
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months was va r iab le .  Numbers o f  316(b) t a r g e t  species observed and maximum 
numbers o f  species taken  i n  a s i n g l e  r e p l i c a t e  were on ly  s l i g h t l y  l o w e r  than 
those observed a t  Redondo Beach U n i t s  7 and 8. 

Entrainment l e v e l s  a t  San Onofre Unit 1 dur ing  t h e  316(b) study program were 
l o w e r  than those observed d u r i n g  t h e  prev ious PMP study,  August 1977 t o  J u l y  1979 
(SCE 1980). Due t o  t h e  v a r i e t y  o f  h a b i t a t s  i n  the v i c i n i t y  o f  t h e  i n t a k e  ( k e l p ,  
sand, cobble,  and r e e f ) ,  t h e  most f r e q u e n t l y  c o l l e c t e d  species were from pe lag ic ,  
k e l p ,  and s o f t  bottom hab i ta t s .  I n  none o f  t h e  12 sampling months were concen­
t r a t i o n s  t h e  h i g h e s t  among the f o u r  sampled in takes;  however, peaks i n  abundances 
a t  San Onofre co inc ided  w i t h  peaks a t  o t h e r  in takes.  The major  ent ra inment  p e r i o d  
a t  San Onofre occurred between March and May, w i t h  a secondary peak d u r i n g  
September and October. Tota l  numbers o f  species c o l l e c t e d  month ly  were h i g h  i n  
August and September 1979, b u t  t h e r e a f t e r  were c o n s i s t e n t l y  t h e  1owest among t h e  
f o u r  in takes,  a t r e n d  a l s o  noted f o r  b o t h  numbers o f  316(b) t a r g e t  species 
c o l l e c t e d  monthly and maximum numbers o f  spec ies i n  any one r e p l i c a t e .  The 
sampling p e r i o d  d u r i n g  which h ighes t  n m b e r s  o f  l a r v a e  were c o l l e c t e d  was var­
i a b l e  f rom month t o  month, a l though d l i r i ng  months o f  h i g h e s t  en t ra inmen t  the  
m a j o r i t y  o f  l a r v a e  were taken between evening and sunr ise per iods.  

The composi t ion o f  t h e  l a r v a l  assemblage a t  Redondo Beach U n i t s  5 and 6 
was s u b s t a n t i a l l y  d i f f e r e n t  f rom t h a t  o f  t h e  o t h e r  th ree  i n takes ,  a5 t h e  main 
i n f l u e n c e  on ent ra inment  composi t ion was t h e  s o f t  bot tom-reef canmunity asso­
c i a t e d  w i t h  the  breakwater and harbor surrounding the i n t a k e  l o c a t i o n .  As a 
r e s u l t ,  316(b) t a r g e t  species canpr ised a r e l a t i v e l y  small p o r t i o n  of  t o t a l  
1 a rva l  entrainment compared t o  the o t h e r  study areas. Larva l  concen t ra t i ons  
observed a t  U n i t s  5 and 6 were the  h ighest  among the f o u r  i n t a k e s  d u r i n g  3 o f  t h e  
12 months sampled. Each peak occurred du r ing  summer o r  e a r l y  f a l l  months, which 
canpr ised the major  ent ra inment  p e r i o d  a t  t h i s  i n t a k e .  Whi le t h e  t o t a l  number o f  
species c o l l e c t e d  a t  U n i t s  5 and 6 was h ighe r  than a t  San Onofre, t h e  number o f  
t a r g e t  species observed and t h e  maximun nunbers o f  species taken i n  any one 
rep1 i c a t e  were the l owes t  among the f o u r  study s i t e s .  The m a j o r i t y  o f  l a r v a e  
c o l l e c t e d  a t  t h i s  i n t a k e  were genera l l y  taken d u r i n g  crepuscular  and n i g h t t i m e  
per iods,  w i t h  h ighes t  concen t ra t i ons  observed d u r i n g  the morning p e r i o d  on o n l y  
one occasion. 

ENTRAINMENT SPECIES COMPOSITION 

Nor thern anchovy was t h e  dominant species o f  i ch thyop lank ton  a t  San Onofre 
Unit 1 and Onnond Beach, and t h e  second most abundant species c o l l e c t e d  a t  
Redondo Beach U n i t s  7 and 8 (Tables 7, 8, and 9 ) .  The temporal d i s t r i b u t i o n  
o f  t h e  s p e c i e s  v a r i e d  between samp l ing  s i t e s .  A t  San O n o f r e  U n i t  1, m a j o r  
increases were observed d u r i n g  September and October and again f rom February 
through May. A t  Redondo Beach U n i t s  7 and 8, concen t ra t i ons  o f  n o r t h e r n  anchovy 
peaked i n  January and March, w i t h  a minor increase recorded i n  September, w h i l e  
a t  Ormond Beach maximum concentrat ions were observed i n  February and March 
(F igu res  8, 9, and 10).  

White croaker was t h e  second most abundant ly c o l l e c t e d  l a rva .  White croaker 
was t h e  most abundant l a r v a e  en t ra ined  a t  Redondo Beach U n i t s  7 and 8 and ranked 
second a t  San Onofre U n i t  1 and Ormond Beach (Tables 9, 7, and 8, r e s p e c t i v e l y ) .  
The temporal d i s t r i b u t i o n  o f  w h i t e  croaker a l s o  v a r i e d  between sampling s i t e s .  
P o p u l a t i o n  d e n s i t i e s  s u b s t a n t i a l l y  i n c r e a s e d  a t  a1 1 sampl i n g  s i t e s  d u r i n g  
February and/or March, as we l l  as major increases du r ing  January a t  Redondo 
Beach U n i t s  7 and 8 and du r ing  December and May a t  San Onofre U n i t  1 (F igu res  8 
and 9). 

Queenfish, though g e n e r a l l y  n o t  as abundant as no r the rn  anchovy o r  wh i te  
croaker,  was s t i l l  a ma jo r  canponent o f  t h e  i ch thyop lank ton  community a t  a l l  
b u t  Redondo Beach U n i t s  5 and 6 (Table 10; F i g u r e  11). A t  t h e  remaining th ree  
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TaMe 7. 	 Annual estimated number of larvae entrained by San Onofre Unit 1 based 
on mean and median concentrations. 

T o t a l  To ta l  
From Mean % From Median 

Sp eci es Comnon Name (x106)  Rank T o t a l  ( ~ 1 0 ~ )  2ank To ta l  

TOTAL LARVAE 690.7 100.0 622.0 100.0 

En r a u l i s  mordax' n o r t h e r n  anchovy 312.3 1 45.2 305.6 1 49.1 
Se:i hus p 6 1 i '  queenf ish 72.1 2 10.4 58.5 3 9.4 
7+- en o n e n u D i T G t u s *  w h i t e  croaker  70.1 3 10.1 61.9 2 10.0&sac l a r v a e  y o l k  sac l a r v a e  45.8 4 6.6 39.9 4 6.4 
I l y  nus i l b e r t i  cheekspot goby 37.1 5 5.4 37.1 5 6.0 
A o h i dus bay goby 29.3 6 4.2 28.5 6 4.6 
H&&iTs spp. b lenny 27.9 7 4.0 21.4 7 3.4 
H e n t i c i  r rhus  undul a tus C a l i f o r n i  a c o r b i  na 15.7 8 2.3 13.5 a 2.2 
G1 bbonsi  a S p . 7 k e l p f i  sh 11.1 9 1.6 9.2 9 1.5 
P i  sces 1arvae um d. fragments and mut i  1a ted  10.8 10 1.6 7.5 12 1.2 
A t h e r i n o  s i s  c a l i f o r n i e n s i s  j acksme l t  10.0 I 1  1.5 8.1 11 1.3 
&a rns i  i s p o t f i  n croaker  8.0 12 1.2 8.2 10 1.3 
Gobiesox 

b l i  nd goby 6.0 14 0.9 2.4 16 0.4 
C a l i f o r n i a  h a l i b u t /  

f a n t a i l  s o l e  5.9 15 0.9 4.2 14 0.7 
sanddab 3.4 16 0.5 2.8 15 0.5 
d i  anond t u r b o t  2.9 17 0.4 2.2 17  0.4 

T r i  ho tu rus  mexicanus Mexican lampf i sh  2.3 18 0.3 1.3 19 0.2 
h i d . 
h e t e r o s t i c n u s  r o s t r a t u s  

q o w  
9 1  ant K e l p f i s h  

2.2 
2.1 

19 
20 

0.3 
0.3 

1.4 
1.0 

18 
2@ 

0.2 
0.2 

Para1 aorax c l  a thratus '  k e l p  bass 2.1 21 0.3 0.9 2 1  0.1 
Zhei  l o t r e n a  saturnurn' b l  dCk croaker  0.8 23 0.1 0.1 26 (0.1 
7eorilus s i m i l l i m u s *  Paci  f 1 c Outt e r f  1 sh 0.5 25 0.1 0.2 25 (0.1 
Ani sot renus davidsoni '  s argo 0.4 27 0.1 
Para lab rax  nebul r fer - b a r r e d  sand bass (0.1 66 (0.1 
S m a s t e s  paucis  i n i s  bocacc io 
Umbri na rortcador 

rhessodon C a l i  forni  a c l i  n g f i s h  1.4 13 1.1 5.3 13 0.9 

P y e l l o w f i n  Croaker 

99.4 99.9 

^316( b )  &get species 

Table 8. Annual estimated number of larvae entrained by Ormond Beach based on 
mean and median concentrations. 

To ta l  Tota l  
From Mean 'b From Median 

SDecies Comnon Name ( ~ 1 0 6 )  Rank To ta l  ( ~ 1 0 6 )  Rank To ta l  

TOTAL LARVAE 2.151.2 100.0 1,885.9 100.0 

i n g r a u l i s  mordax' 
s' 

nor the rn  anc hovy 900.1 1 41.8 834.3 
whi t e  croaker  727.4 2 33.8 658.3 

1 
2 

44.2 
34.9enyo n e n u s r i t  u 

qu eenf i sh 176.8 3 8.2 142.4 3 7.6 
fragments and m u t i l a t e d  117.8 4 5.5 76. I 4 4.0 

L e  i d o  obius l e  i d u s  bay goby 66.5 5 3.1 62.9 5 3.3 
+s&ae y o l k  sac l a r v a e  45.7 6 2.1 35.3 6 1.9 
ll;;yeg;;;y;i cheekspot goby 42.0 7 2.0 32.8 7 1.7 

Gobi idae uni d. 
P a r a l i c h t h y s  C a l i  f o r n i c u s /  

goby
C a l i f o r n i a  h a l i b u t /  

11.0 9 0.5 7.5 9 0.4 

X i s t  r e i r i s  1io l  ;pi s 
t i t a r i c  t s sppd1eucopsarus 

f a n t a i l  s o l e  
sanddab 
n o r t h e r n  1 ampfi sh 

5.9 
4.5 
4.2 

10 
11 
12 

0.3 
0.2 
0.2 

4.0 
3.4 
1.9 

10 
11 
13 

0.2 
0.2 
0.1 

Svnodus l u c i o c e ~ s  C a l i  f o r n i  a t i  z a r d f i  sh 3.5 13 0.2 0 20 0.0 
m e - .  b lenny 

d i  anond t u r b o t  
3.5 
3.2 

14 
15 

0.2 
0.2 

2.9 
1.9 

12 
15 

0.2 
0.1 

l o n g  jaw mudsucker 2.5 16 0.1 0.5 19 0.0 
basketweave cusk eel 2.2 17 0.1 1.5 16 0.1 
P a c i f i c  sa rd ine  2.1 18 0.1 1.5 18 0.1 
k e l p  bass 2.1 19 0.1 1.5 17 0.1 

Para labrax n e b u l i f e r *  ba r red  sand bass 1.8 20 0.1 1.9 14 0.1 
F;pr; I us s i m i  1 Iimus" P a c i f i c  b u t t e r f i  sh 1.2 22 0.1 0.6 21 (0.1 

e i  o t r m a  saturnurn' b lack  croaker  0.3 37 (0. 1 
Umbri na roncador* 
m e n u s  davidsoni '  

y e l l o w f i n  croaker  
sargo 

0.1 
0.1 

42 
47 

(0.1 
(0.1 

Roncador 
Sebastes -is* 

s p o t f i  n croaker  
bocacc io 

goby 14.3 8 0.7 9.0 8 0.5 

s t  earnsi i 

99.6 99.7 

316(b) t a r g e t  species 
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nor thern  anchovy 
c h e k s p o t  goby 
queenf i  sh 

ae y o l k  sac l a r v a e  
P a r a c l i n u s  in t e o r i a i n n i s  r e e f  f i  nspot~. _. 

Gibbons ia  sp. A k el p f i  sh 
Fiypsob I enni us spp. 	 blenny 

b l  acksmi t h  
fragments and mut i  1a ted  
C a l i f o r n i a  h a l i b u t /  

f a n t a i l  so le  
C a l i  f o r n i  a c l  ingf ish 
goby

C l i  ni dae uni d. c l i  n i d  
Sard ino  s sa ax caeruleus P a c i f i c  s a r d i n ed"+goby 

goby
s c u l p i n  

Hypsopsetta y t t u l  a ta  diamond t u r b o t  
2 1 euroni  chthys v e r t 1  ca l  i5 hornyhead t u r b o t  
u a r a l  abrax c l  athratus'  k e l p  bass 
P e p r i  i u s  s imi l l imus '  Paci f 1c b u t t e r f  ish 
Amsotremus davidsoni. sargo 
P a r a l  abrax nebul i  f e r f  bar red  sandbass 
n e i  1otremasaturnum. b lack  c roaker  
Roncador s tearns i  if s p o t f i  n c roaker  

ebastes -1s bocaccio 
Zmbrrna r& ye1 1o w f i  n croaker  

* 316(b i  t a r g e t  species 

2 1  

Table 9. 	 Annual estimated number of larvae entrained by Redondo Beach Units 7 & 
8 based on mean and median concentrations. 

Tota l  To ta l  
from Mean % Frm Median 

Species Comnon Name i x l 0 0 )  Rank Tota l  ( ~ 1 0 6 )  Ranr i o t a 1  

TOTAL LARVAE 2,971.7 100.0 2,485.6 130.5 

w h i t e  c roaker  I,197.0 	 i 40.3 1,096.0 1 u.1 
2 2 15.3428.7 14.4 380.2 

199.0 3 6.7 170.9 3 6.9 
185.3 4 6.2 145.4 4 5.8 
135.6 5 4.6 115.8 6 4.7 
128.1 6 4.3 121.4 5 4.9 
119.4 7 4.0 100.1 7 4.0 
113.5 8 3.8 82.2 a 3.3 
91.6 9 3.1 4 . 2  EO 0. 2 
83.1 10 2.8 6 7 . 2  4 2.7 

57.6 11 1.9 43.2 11 1 .7  
45.1 12 1.5 44.1 10 !.8 
39.8 13 1.3 24.2 12 1.0 
15.3 14 0.5 8.3 16 0.3 
14.7 15 0.5 12.2 13 0.5 
13.0 16 0.4 8.8 15 0.4 
11.6 17 0.4 9.3 14 0.4 
8.4 18 0.3 7.1 18 0.3 

7.9 19 0.3 8.1 1 7  i1.3 

6.9 20 0.2 5 . 1  19 3 . 2  

2.0 36 0.1 0.8 3 2  <o*1 

0.9 40 <o. 1 0.7 33 (0.1 

0.6 44 (0.1 0.1 42 <o. 1 

0.5 48 (0.1 

0 .3  55 (0.1 a . 2  41 co .  1 


97.6 98.8 

s i t e s ,  queenf ish was present  i n  samples from August through October and aga in  
from March through J u l y .  Overa l l  queenfi  sh ent ra inment  decreased i n  dens i t y  from 
south  t o  n o r t h  w i t h i n  t h e  study area. A t  San Onofre U n i t  1, queenf ish maximm 
d e n s i t y  was recorded i n  May w i t h  a minor  peak i n  September, w h i l e  a t  Redondo 
Beach U n i t s  7 8 8 the  species reached maximum d e n s i t y  d u r i n g  March ( F i g u r e s  8 and 
9). Concentrat ions remained re1a t i v e l y  1ow d u r i n g  the  p e r i o d  March through June 
a t  Ormond Beach, f o l l o w e d  by increases i n  J u l y  and September ( F i g u r e  10). 

O f  t h e  r e m a i n i n g  3 1 6 ( b )  key  s p e c i e s ,  o n l y  s p o t f i n  c r o a k e r ,  Roncador 
s t e a r n s i i ,  con t r i bu ted  apprec iab ly  t o  en t ra inment  c o l l e c t i o n s  a t  any o f  t h e  fou r  
sampled s i t e s .  The species was c o l l e c t e d  o n l y  d u r i n g  September 1979 a t  San Onofre 
U n i t  1, when i t  represented approx imate ly  10% o f  t h e  t o t a l  catch. A d u l t  s p o t f i n  
a re  f r e q u e n t l y  taken i n  SONGS impingement c o l l e c t i o n s ,  b u t  a r e  r a r e l y  observed a t  
o t h e r  s ta t ions .  The remaining t a r g e t  species, w i t h  t h e  except ion  o f  bocaccio, 
Sebastes paucisp inn is ,  were c o l l e c t e d  a t  t h r e e  o r  more o f  t h e  sampling s i t e s ,  
a l though they were uncommon o r  rare.  Bocaccio, one o f  t h e  few species o f  Sebastes 
i d e n t i f i a b l e  i n  l 'a rva l  form, was n o t  co l l ec ted .  

Three major groups o t h e r  than the  t a r g e t  spec ies c o n t r i b u t e d  s i g n i f i c a n t l y  
t o  t h e  ich thyop lank ton  community en t ra ined  a t  one o r  more study s i t e s .  The t h r e e  
groups were gobies, c l  i n i d s ,  and b lennies.  

The mos t  commonly e n t r a i n e d  goby l a r v a ,  I .  i l b e r t i  ( c h e e k s p o t  goby ) ,  
e n s i t i e swas taken r e g u l a r l y  a t  a l l  in takes ,  w i t h  maximum +recorded from June 

through December t o  February, depending o n  t h e  sampling s i t e .  The species was 
among the t o p  f i v e  taxa  en t ra ined a t  each sampling s i t e ,  though o n l y  a t  Redondo 
Beach U n i t s  5 8 6 d i d  i t  comprise a ma jo r  f r a c t i o n  o f  ent ra inment  samples f o r  
any extended per iod  of t i m e  ( F i g u r e  1 2 ) .  
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Figure 8. Monthly concentrations of three target species in entrainment samples from 

San Onofre Unit 1, and behavior of environmental variables during the same I
period. 
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I Figure 9. 	 Monthly concentrations of three target species in entrainment samples from 
Redondo Beach Units 7 and 8, and behavior of environmental variables 
during the same period. 
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Figure 10. 	 Monthly concentrations of three target specie, in entrainment samples from 
Ormond Beach, and behavior of environmental variables during the =me 
period. 
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I Table 10. 	 Annual  estimated number  of larvae entrained by Redondo Beach Units 5 & 
6 based o n  mean and  median concentrations. 

c Spec1 es 

TOiAL LARVAE 

I IlypntJs g i l 8 e r t i  
Farac  inus 1 m e a r i  pi nni s 
Li bbonsi a sp. A 
Genyonpnus, l i  neatus. 
Hypsob ennius  SPP. 
F s c e s  l a r v a e  unid. 
Gobi idae  unid. 
Gobi esox rhessodon 
P i s c e s  yolk s a c  l a r v a e  
Het e r o s t i  chus r o s t r a t u s  
L thr nus sp.
d d k - m o r d a x *  

I 
I *U?iTa, 

I C o t t i  dae GTFT 
Gobiidae t h e  0 
Oui e t u l  a ;-cauda 

I t h e i l o t r e n a  saturnurn'. .. . . .~~ 

P epr i  T us s i i n J X i S  
A m s o t r e n u s  davidsoni. 
a a r a l a b r a x  nebul i fer '  
k o nc ador st earns  ii * 
Sebastes paucis  inis. 
m r + 

* 316(b )  t a r g e t  s p e c i e s  

tomnon Name 

cheekspot  goby 

r e e f  f i  nspot 

k e l p f i s h 

w h i t e  c roaker  

blenny 

f ragments  and m u t i l a t e d  

goby

C a l i f o r n i a  c l i n g f i s h 

yolk  sac  l a r v a e  

g i a n t  k e l p f i s h  

goby

nor thern  anchovy

c l i n i d  

bay goby

gari bal di 

queenfi sh 

sculp i  n 

qoby 

i h  ahow goby 

k e l o  bass 
b1 ack croaker  
Paci f i c  b u t t e r f i s h  
sargo
bar red  sand bass  
s p o t f i  n croaker  
bocaccio 
y e l l o w f i n  c roaker  

Yotal T o t  a1 
From Mean r r o m  gedi an 

ix106i Rank Total  i x l O ' )  i a n k  Total  

395.5 100.0 302.7 130.0 

126.2 1 32.4 106.5 1 35.6 
96.7 2 24 .5  63.2 2 20.9 
71.0 3 16.0 51.6 3 17.0 
33.2 4 a .4  31.6 4 10.4 
25.5 5 6.5 22.2 5 i . 3  

9.4 6 2 . 4  6.7 0 2.2 
5.2 7 1.3 2.6 e 0.9 
3.3 6 0.8 2.8 7 3.9 
3.0 9 0.8 2.6 9 0.9  
2.6 10 0.1 1.9 i o  0.6 
2.3 
2.3 

11  
12 

0 ,6  
0.0 

1.4 
1.6 

12 
i l  

0.5 
0.5 

2.1 13 0.5 c l .  9 15 0.3 
1.7 14 0.4 0.8 16 0.3 
1.4 1s  u. 4 0.9 14 0 .3  
1.2 16 0.3 1.0 !3 0.3 
1.2 17 0.3 3.3 20 0.0 
0.8 ! 8  0.2 0.2 19 ,,

u., 
I 

0 . 7  19 0.2 3.3 I 7  u.  : 
0.5 20 0 . 1  0 . 2  1.8 3. i 
11.2 27 G. 1 3.2 21 3.1 

co.1 5 5  <o. 1 
(0.1 58 <0. 1 
(0.1 62 (0.1 

99.2 99.5 

The bay goby, Lepidogobius lep idus ,  was a common component o f  t h e  ich thyo­
p lank ton  community a t  b o t h  $an O n a f r e U n i t  1 and Omond Beach ( F i g u r e s  1 3  and 
141, where i t  comprised approximately 2% o f  annual l a r v a l  ent ra inment .  The 
was present  d u r i n g  a l l  months (except  November a t  San Onofre) ,  w i t h  maximum 
d e n s i t i e s  recorded between September and January. Entra inment  d e n s i t i e s  may have 
been underestimated because i t  was taxonomical ly  separated from Gobiidae type D, 
which may be an e a r l y  developmental stage o f  t h e  bay goby. 

I 
I C l i n i d s  were s e a s o n a l l y  common members o f  t h e  i c h t h y o p l a n k t o n  a t  a l l  

s t a t i o n s  e x c e p t  Ormond Beach. The two m a j o r  s p e c i e s  o f  c l i n i d s  c o l l e c t e d  
were Gibbonsia sp .  A (probably  spot ted  k e l p f i s h ,  G. e legans)  and r e e f  f i n s p o t ,  
Pa rac l i nus  i n t e  r i p i n n i s .  Gibbonsia sp. A was tTie o n l y l i n i d  en t ra ined  i n  
s i g n i f i c a n t  _qff_I concen r a  i o n s  a t  San Onofre Un i t  1, where i t  comprised from 3 t o  12% 
o f  t h e  en t ra ined  i c h t h y o p l  ankton between October and February.

I Gibbonsia sp. A was one o f  t h e  more common l a r v a l  f i s h  p resent  a t  Redondo 
Beach, represent ing  approximately 4 and 19% o f  t h e  en t ra ined  l a r v a e  annua l ly  a t  
Redondo Beach U n i t s  7 and 8 and U n i t s  5 and 6 ,  respec t i ve l y .  Peak d e n s i t i e s  were 
reached d u r i n g  t h e  f a l l  and e a r l y  w i n t e r  months.1 

Reef f i n s p o t  was a1 so a major  component o f  t h e  en t ra ined  i c h t h y o p l  ankton 
community a t  Redondo Beach (F igures  12 and 1 5 ) ,  p a r t i c u l a r l y  a t  U n i t s  5 and 6, 
where i t  accounted f o r  26% o f  t h e  l a r v a e  en t ra ined  annua l ly .  The species was 
e s p e c i a l l y  abundant i n  June and J u l y ,  when i t  comprised f rom 1 7  t o  54% of  t h e  
e n t r a i  ned 1arvae ( F i  gu re  1 2 ) .  

I 
I The b lenn ies ,  represented by t h e  taxa  Hypsoblennius spp. were the  t h i r d  

non- ta rge t  species group commonly ent ra ined.  Hypsoblennfus annua l ly  comprised 

I 

I 




26 


28 ­
14 

26 -
T
0 v)
L 2 4 - 13 3 
ru 05 2 2 - z 
c 12 $z 20- P 

42 18- 1 1  2s

‘rt! ld- a 


14 - IO 

A k SEP OCT NOY DhC A N  &B MAR APR MAY Ah 
1979 1980 

SURVEY MONTHS 

Figure 11. Monthly concentrations of several target and non-target species in 
entrainment samples from Redondo Beach Units 5 and 6, and behavior of 
environmental variables during the same periods. 
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Figure 12. 	 Monthly percent composition of abundant entrained larvae a t  Redondo 

Beach Units 5 and 6. 

approximately 3% o f  t h e  l a r v a e  e n t r a i n e d  a t  San Onofre U n i t  1 ( F i g u r e  13) and 
Redondo Beach U n i t s  7 and 8, and 7% a t  Redondo Beach U n i t s  5 and 6. T h i s  group 
was present  du r ing  each monthly sampl i n g  p e r i o d  w i t h  maximum concen t ra t i ons  
recorded d u r i n g  J u l y  th rough  December.I 

I 
As was a n t i c i p a t e d ,  t h r e e  species ( n o r t h e r n  anchovy, w h i t e  croaker ,  and 

queenfi sh) g e n e r a l l y  dominated t h e  1a rva l  assemblage e n t r a i n e d  a t  a1 1 sampl i n g  
s i t e s  e x c e p t  Redondo Beach U n i t s  5 and 6. The a d u l t s  o f  w h i t e  c r o a k e r  and 
queenfi sh a r e  abundant demersal species o c c u r r i n g  i n  t h e  s h a l l  ow, sandy bottom 
areas ad jacen t  t o  the  sampling s i t e s  (MBC 1979a,b; SCE 1979a1, w h i l e  t h e  a d u l t s  
o f  no r the rn  anchovy a r e  one o f  t h e  major  p e l a g i c  f i s h  o c c u r r i n g  i n  t h e  C a l i f o r n i a  
Cur r e n t  systernI 

I W h i t e  c r o a k e r  was a m a j o r  component o f  t h e  i c h t h y o p l a n k t o n  community 
e n t r a i n e d  a t  Redondo Beach U n i t s  5 and 6 ( F i g u r e  121, w h i l e  t h e  l a r v a e  o f  
queenfi sh and n o r t h e r n  anchovy represented m ino r  elements. Low concen t ra t i ons  o f  
en t ra ined  no r the rn  anchovy and queenf ish 1arvae a re  p a r t i a l l y  re1  ated t o  o f f s h o r e  
spawning (Ah ls t rom 1956, SCE 1979a, Watson 1979). Larvae o f  n o r t h e r n  anchovy and 
queenfish must be t ranspor ted  by t h e  p r e v a i l i n g  c u r r e n t s  i n t o  t h e  ha rbo r  be fo re  
entrainment i s  poss ib le .  I n  c o n t r a s t ,  w h i t e  croaker  i s  an i nsho re  spawner and the 
cen te r  o f  t h e  l a r v a l  p o p u l a t i o n  i s  l o c a t e d  c l o s e r  t o  t h e  Redondo Beach U n i t s  5 
and 6 i n take .  

I 
I 
I 
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Figure 13. 	 Monthly percent composition of abundant entrained larvae at San Onofre 

Unit 1. 

SIZE FREQUENCY DISTRIBUTION OF ENTRAINED TARGET SPECIES 1 
All l a r v a e  of  316(b) t a r g e t  and key species were measured concurrent  w i t h  

i d e n t i f i c a t i o n .  S i ze  frequency d i s t r i b u t i o n s  of  t a r g e t  1arvae were examined f o r  Iprevalence of  entrainment  of c e r t a i n  size c l a s s e s  dur ing  sampling months o r  
seasonal per iods.  Comparisons a r e  r e s t r i c t e d  t o  l a r v a e  o f  northern anchovy, white 
c roake r ,  and queenfish,  a s  o the r  t a r g e t  spec ie s  occurred  too sporadica l ly  f o r  
meaningful ana lys i s .  I 
Northern Anchovv 

Northern anchovy was the only t a r g e t  species c o l l e c t e d  d u r i n g  a l l  1 2  months I 
of  the 316(b)  ichthyoplankton program, and was absen t  from each o f  two in t akes  
dur ing  only one month. The s i z e  frequency d i s t r i b u t i o n  o f  samples of en t ra ined  
l a r v a e  was dependent on the spawning condi t ion  of  the a d u l t  population and the 
time o f  sampling. Occurrence o f  northern anchovy a t  Redondo Beach Units 5 and 6 1 
was sporadic ,  and l a r v a e  were co l l ec t ed  i n  a l l  six d a i l y  sampling per iods during
only two months. A t  the remaining three i n t a k e s ,  the median size o f  en t r a ined  
l a r v a e  gene ra l ly  increased  a t  o r  a f t e r  sunset, and o f t e n  continued to inc rease  1
through the sunrise sampling period. T h i s  t r end  was most pronounced i n  months 
when low numbers o f  l a r v a e  occurred ( i n d i c a t i n g  t h a t  the a d u l t  populat ion had no t  

I 
I 
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Figure 14. iviontkiy percent composition of abundant entrained iarvae at Ormond 

Beach.I r e c e n t l y  spawned) o r  a t  t h e  end o f  t h e  spawning season ( l a t e  sp r ing  and e a r l y  
summer). The increase was l e a s t  obvious i n  months when the  r e s u l t s  o f  heavy 
spawning a c t i v i t y  were observed, and small l a r v a e  dominated the  ca tch  throughout  
t h e  day ( F i g u r e  16).I 

I The median s i z e  o f  anchovy l a r v a e  e n t r a i n e d  a t  t h e  f o u r  i n t a k e s  over  t h e  12 
months o f  316(b) sampling was most v a r i a b l e  a t  San Onofre U n i t  1 and Ormond 
Beach, and l e a s t  v a r i a b l e  a t  Redondo Beach U n i t s  5 and 6. Median va lues a t  a l l  
f o u r  s t a t i o n s  were l owes t  i n  December 1979 and January 1980, a t  t h e  onset  o f  t h e  
p r i n c i p a l  y e a r l y  spawning season. H ighes t  median va lues were observed d u r i n g  
September and October 1979 and June and J u l y  1980, d u r i n g  t h e  summer p e r i o d  o f  
low spawning a c t i v i t y .  Comparison o f  magnitudes o f  t h e  median s i z e  o f  n o r t h e r n  
anchovy e n t r a i n e d  monthly a t  each i n t a k e  over the e n t i r e  yea r  and over t h e  
December to May spawning p e r i o d  by Kruskal-Wal l  i s  one-way a n a l y s i s  o f  va r iance  
(ANOVA; Seige l  1956) i n d i c t e d  t h a t  none of t h e  i n takes  e n t r a i n e d  a s i g n i f i c a n t l y  
l a r g e r  s i z e  f r a c t i o n  than any o t h e r  i n take .  A l l  f o u r  i n t a k e s  drew t h e  m a j o r i t y  of  
t h e i r  en t ra ined  no r the rn  anchovy from s i z e  groups l e s s  than 12 mn i n  l e n g t h  
(Tab le  4 ) .  C o l l e c t i o n s  a t  Redondo Beach U n i t s  5 and 6 were sporadic,  and no 
anchovy g r e a t e r  than 21 mm were c o l l e c t e d .  More than 84% o f  t h e  l a r v a e  c o l l e c t e d  
were l e s s  than 9 mm i n  l eng th .  Larvae i n  s i z e  groups as l a r g e  as 15 mm comprised 
a s u b s t a n t i a l  p r o p o r t i o n  o f  c o l l e c t i o n s  a t  Ormond Beach and Redondo Beach U n i t s  7 
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Figure 15. 	 Monthly percent composition of abundant entrained larvae at Redondo 
Beach Units 7 and 8. 1 

and 8. A t  San Onofre U n i t  1, l a r v a e  of  the 15 t o  18 mn size c l a s s  comprised a 

s i g n i f i c a n t  f r a c t i o n  o f  t h e  total l a rvae  taken. A comparison o f  percent  en t ra in­ 

m e n t  by size c l a s s  (Kruskal-Wall is  one-way ANOVA) ind ica ted  no d i f f e rences  3
between in takes .  


White Croaker 
 1 
Larvae o f  w h i t e  croaker  appeared i n  entrainment  samples more seasonal ly  than 

d i d  northern anchovy. White croaker  was co l l ec t ed  a t  San Onofre d u r i n g  11 of 12 
months, b u t  on only 9 occasions a t  Ormond Beach and 8 a t  each Redondo Beach 

i n t ake .  The appearance o f  w h i t e  croaker was genera l ly  c o n s i s t e n t  w i t h  observa- I 

t i o n s  of Goldberg (19761, and length-frequency d i s t r i b u t i o n s  a t  a1 1 four  in t akes  

r e f l e c t e d  these spawning t r e n d s  (F igure  17) .  White croaker  l a r v a e  a r e  s t rongly 

assoc ia ted  w i t h  the ep iben th ic  leve l  o f  the water column (SCE 19801, and l a r v a e  

g r e a t e r  than 9 mm i n  l eng th  were ra re ly  co l l ec t ed .  Median l eng ths  of en t ra ined  I 

l a r v a e  were less dependent on time of  day than was observed f o r  northern anchovy,

and the importance of the spawning condi t ion  of  a d u l t  population was less  ev ident  

due  t o  the lack  of  cap tu re  o f  l a r g e r  s i z e  c l a s s e s  o f  w h i t e  croaker .  Increases  i n  

median length  o f  l a r v a e  en t r a ined  a f t e r  sunset were r a r e  a t  a l l  fou r  intakes, and 1 

monthly median lengths were never g r e a t e r  than 6 mm u n t i l  the end o f  t he  spawning 

season. 
 I 
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Figure 16. 	 Monthly size-frequency distributions of northern anchovy larvae entrained 
at four study sites; initial size group &2.99 mm, and in 1 mm groups 
thereafter. 
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Figure 17. 	 Monthly size-frequency distributions of white croaker larvae entrained a t  
four study sites: initial size group 0.2.99 mm, and in 1 mm grwps 
thereafter. 
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V a r i a t i o n  i n  monthly median l eng ths  of e n t r a i n e d  w h i t e  croaker was a lmost  
i d e n t i c a l  a t  a l l  f o u r  in takes.  No d i f f e r e n c e s  were detected between in takes  when 
comparing the  magnitude o f  monthly median l e n g t h s  (Kruskal-Wal l  i s  one-way ANOVA). 
The m a j o r i t y  o f  wh i te  croaker l a r v a e  en t ra ined  a t  a l l  four  i n takes  were from the 
0 t o  6 nun s i z e  groups (Table 5). No l a r v a e  g r e a t e r  than 9 mm were c o l l e c t e d  a t  
Redondo Beach U n i t s  5 and 6 ,  and l a r v a e  i n  t h e  9 t o  12 mm c l a s s  were taken a t  
Redondo Beach U n i t s  7 and 8 dur ing on ly  one month. Larvae i n  s i ze  c lasses  as 
l a r g e  as 21 t o  24 mm and 2 4  t o  27 mm were c o l l e c t e d  on r a r e  occasions a t  San 
Onofre U n i t  1 and Ormond Beach, r e s p e c t i v e l y .  No d i f f e r e n c e s  between i n t a k e s  
were de tec ted  i n  a comparison o f  mean annual pe rcen t  ent ra inment  by s i z e  c l a s s  
(Kruskal -Wal l  i s  one-way ANOVA). 

Oueenf ish 

Larvae o f  queenf ish were taken between March and October, corresponding t o  
seasonal spawning h a b i t s  o f  a d u l t  queenf ish discussed by Goldberg (1976). L i k e  
w h i t e  croaker ,  l a r v a e  o f  queenf ish a r e  s t r o n g l y  assoc iated w i t h  the  epibenthos, 
and i n d i v i d u a l s  g rea te r  than 9 mm l e n g t h  were g e n e r a l l y  taken on ly  d u r i n g  peak 
spawning months (F igu re  18) .  Median l e n g t h  of  e n t r a i n e d  queenf ish was n o t  depen­
dent  on t ime  o f  day, and v a r i e d  o n l y  s l i g h t l y  ove r  the  e n t i r e  sampling program. 
Monthly changes i n  median l e n g t h  o f  queenf ish a t  a l l  f ou r  i n takes  were the l e a s t  
v a r i a b l e  o f  a l l  t h ree  t a r g e t  species examined. No d i f f e r e n c e s  i n  the magnitude o f  
t h e  median s i z e  o f  en t ra ined  l a r v a e  was de tec ted  by Kruskal -Wal l is  one-way 
ANOVA e 

A t  a l l  f o u r  i n takes  the  major f r a c t i o n  o f  queenf ish c o l l e c t e d  was l e s s  
than 6 mm i n  l e n g t h  (Table 5). No l a r v a e  g r e a t e r  than 2 1  mm were c o l l e c t e d  a t  
e i t h e r  San Onofre U n i t  1 or  Ormond Beach, and o n l y  once a t  Redondo Beach U n i t s  7 
and 8. No s i g n i f i c a n t  d i f f e r e n c e s  were detected when percent  mean annual e n t r a i n ­
ment by s i z e  c l a s s  a t  each i n t a k e  was compared by one-way ANOVA. 

Two 316(b) key species,  k e l p  bass and C a l i f o r n i a  h a l i b u t ,  are considered 
very i m p o r t a n t  spo r t  o r  commercial specjes. Larvae o f  k e l p  bass comprised on ly  
minor p o r t i o n s  o f  t o t a l  entrainment a t  any o f  t h e  fou r  sampled s t a t i o n s ,  ranging 
from ~0.1% o f  t h e  catch a t  Ormond Beach t o  0.2% a t  San Onofre U n i t  1. En t ra in ­
ment abundance increased from the northernmost t o  southernmost sampled s t a t i o n s ,  
and observat ions were r e s t r i c t e d  t o  l a t e  smmer and e a r l y  f a l l  months a t  a l l  
study s i t e s .  Per iods o f  h ighes t  abundance were observed i n  August or September a t  
a l l  s t a t i o n s  ( F i g u r e  19).  

Larvae of C a l i f o r n i a  h a l i b u t  were more abundant, compris ing up t o  1.9% o f  
t o t a l  ent ra inment  a t  Redondo Beach U n i t s  7 and 8,  where 82% o f  t h e  t o t a l  h a l i b u t  
were taken (Tab le  11). Occurrence o f  h a l i b u t  was h ighes t  a t  t he  northernmost 
sampled s t a t i o n  (observat ions du r ing  a l l  months) and lowest a t  t he  southernmost 
(none taken i n  November, May, June, or  J u l y  a t  San Onofre U n i t  1). Highest  
abundances were observed du r ing  September a t  Ormond Beach and San Onofre, and 
du r ing  March a t  bo th  Redondo Beach study l o c a t i o n s  ( F i g u r e  20). 
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Figure 18. 	 Monthly size-frequency distributions of queenfish larvae entrained a t  four 
study sites; initial size g r w p  02.99 rnm, and in 1 rnrn groups thereafter. 

-
- I 
-

I 

I 




-- -- 

35 


I 
lo- ORMOND BEACH

I 1 --
I 10- -

I 
1 ­

v)
p:
E 
$ .  

I L?
3 I ­o 

8 
\

2I Je a
3I 8
3 
3I 2 

I 
I 1 .  

I 
c 
0 3  5 10 

Figure 19. 

I 
I 
I 
I 
I 

REDONDO BEACH REDONDO BEACH - SAN ONOFRE 1 ­
5 & 0  7 6 8  

-

AUGUST 1979 

--SEPTEMBER ­-
I_ --

OCTOBER 

I 7 rj-p ­

i 

NOVEMBER 

DECEMBER 

JANUARY 1980 

FEBRUARY 

MARCH 

APRIL 

MAY 

.“E 

JULY n r  10
0 3  6 1Q 0 3  5 10 0 3  5 

SIZE CLASSFS [MILLIMETERS) 

Monthly size-frequency distributions of kelp bass larvae entrained at four 
study sites; initial size group 0-2.99 rnrn, and in 1 mrn groups thereafter. 

3 




36 


Table 11. 	 Summary 316(b) program yearly estimated entrainment of selected species 
(mean number entrained x 10s). 

Ormond Redondo Redondo 
Beach Beach 5 d 6 Beach 7 6 8 San Onofre Combined % o f  

Species Comnon Name T o t a l  Rank T o t a l  Rank Tota l  Rank T o t a l  Rank T o t a l  T o t a l  

TOTAL LARVAE 2151 396 2972 691 6209 

w h i t e  c roaker  727 2 33 4 1197 1 70 3 2027 32.7 

P a r a c l i n u s  i n t e g r i p i n n i s  
Pisces l a r v a e .  u n i d .  

nor thern  anchovy 900 
queenf ish 176 
che& spot goby 42 
y o l k  sac l a r v a e  45 
r e e f  f i  nspot (1 
u n i d e n t i f i e d  l a r v a e  117 

1 

4 

2 

9 

11 

6 

428 

83 

2 

10 

312 

10 

1 

10 

1643 
435 
406 
230 
226 
221 

26.5 
7.0 
6.5 
3.7 
3.6 
3.6 

G i  bbonsi  a sp. A 
H so ennius spp. 
*le i d u s  

k e l p f i s h  1 
blenny 3 
bay goby 66 

23 
14 
5 

71 
25 
1 

3 
5 
14 

119 
113 
5 

7 
8 
21 

1 1  
27 
29 

9 
7 
6 

202 
170 
103 

3.3 
2.7 
1.7 

romls  p u n c t l  1 nnl s b lacksmi th  (1 31 (1 34 91 9 - - 92 1.5 
C h - P n i cus/ C a l i f o r n i a  h a l i b u t /  

Y r S f r y s d l i o l e p i s  f a n t a i l  sole  5 10 (1 23 57 11 6 15 69 1.1 

Gobiesox r esso on C a l i f o r n i a  c l i n g f i s h  (1 54 3 a 45 12 7 13 55 0.9 

t o b i i d a e  t v o e  -0 goby 14 8 (1 18 39 13 (1 28 55 0.9
I r -G % i ? F s  sagax caeru leus  P a c i f i c  s a r d i n e  2 18 (1 32 14 15 (1 30 1 7  0 ; 3  
d u s undul atus C a l i f o r n i a  c o r b i n a  (1 63 - - (1 48 15 8 16 0.3 

j acksmel t  (1 24 (1 39 1 35 10 11 12 0.2 
g i a n t  k e l p  f . i sh  (1 30 2 10 3 26 2 20 8 0.1 

Roncador s t e a r n s i i .  s p o t f i n  c roaker  - - - - 8 12 8 0.1 
M a x c l  athratus'  k e l p  bass 2 19 (1 27 2 36 2 21 6 0.1 

P a c i f i c  b u t t e r f i s h  1 22 (1 58 (1 40 (1 25 3 (0.1 
bar red  sand bass 2 20 - - (1 40 (1 66 2 (0.1 

Ani so t renus  davidsom' sargo (1 41 (1 62 (1 44 (1 27 1 (0.1 
Chei l o t r m a  saturnurn' b lack c roaker  (1 37 (1 55 (1 55 (1 23 1 co.1 
Umbri na r o w a d o r '  y e l l o w f i n  c roaker  (1 42 - - - - - - C l  (0.1 
S e b a s t e s m i  n i  s* bocaccio 

A l l  Others 35 14 97 22 164 2.4 

'316Ib) t a r g e t  species 
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Fiwre 20. 	 Monthly sizefrequency distributions of California halibut lanae entrained 
a t  four s t u d y  sites; initial size group 02 .99  mrn. and in 1 rnrn groups 
thereahe r. 
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CHAPTER 3 

ENTRAINMENT MASS BALANCE 

INTRODUCTIQN 

Changes i n  i ch thyop l  ankton concentrat ions d u r i n g  t r a n s i t  o f  generat ing 
s t a t i o n  c o o l i n g  water systems were determined t o  p rov ide  q u a n t i t a t i v e  i n f o r m a t i o n  
i n  support  o f  a demonstrat ion to  s a t i s f y  requirements o f  Sec t i on  316(b) of  t h e  
1972 Amendments t o  the  FWPCA. Observat ions o f  i c h t h y o p l  ankton abundance i n  
samples pumped from c i r c u l a t i n g  water system i n t a k e  and d ischarge r i s e r s  were 
made a t  San Onofre U n i t  1 d u r i n g  two 24-hr per iods i n  March 1980, and d u r i n g  
t h r e e  24-hr per iods i n  September 1980 a t  Ormond Beach. The m u l t i p l e  obse rva t i ons  
were designed t o  a l l o w  seasonal comparisons o f :  1) system t r a n s i t  success a t  
r e p r e s e n t a t i v e  s t a t i o n s ;  2 )  changes i n  species composi t ion and s i z e  c lasses 
ent ra ined;  and 3 )  changes i n  maximum tempeature exposure ( d e l  t a -T I  t o  en t ra ined  
organisms, as wel l  as t o  compare success r a t e s  r e l a t i v e  t o  the a c c m u l a t e d  
biomass o f  t h e  b i o f o u l  i n g  c o m u n i t y .  

Sampl ing p r o t o c o l  was i d e n t i c a l  t o  t h a t  p r e v i o u s l y  d e s c r i b e d  f o r  t h e  
ent ra inment  i n v e n t o r y  p o r t i o n  o f  t h i s  study, except t h a t  samples were c o l l  ected 
from w i t h i n  the  d ischarge r i s e r  as we l l  as t h e  i n t a k e  r i s e r ,  a l l o w i n g  a s u i t a b l e  
l a g  t ime a t  t h e  d ischarge r i s e r  t o  sample the  same water parce l  as was encoun­
t e r e d  a t  t he  in take.  Entra inment  o f  ambient water from o u t s i d e  t h e  d i scha rge  was 
observed by r e l e a s i n g  dye around the l i p  o f  t h e  d ischarge r i s e r .  Contaminat ion o f  
d ischarge samples was avoided by i n s e r t i n g  the  d ischarge sampling dev ice wel l  
below t h e  l e v e l  of observed contaminat ion.  Percent t r a n s i t  success f o r  each 
rep1 i c a t e  was determined by comparing concen t ra t i ons  o f  l a r v a e  taken i n  discharge 
samples t o  concen t ra t i ons  observed i n  i n t a k e  samples. 

BACKGROUND 

Previous s tud ies  o f  zooplankton and i ch thyop l  ankton ent ra inment  by gener­
a t i n g  s t a t i o n  c o o l i n g  water systems have observed d i f f e r e n t i a l  concen t ra t i ons  o f  
animals ( l ower  i n  d ischarge samples) between i n t a k e  and d ischarge c o l l e c t i o n s  
(MBC 1975, Marine Review Committee [MRC] 1978). These s tud ies  i n d i c a t e d  t h a t  50 
t o  100% o f  t h e  en t ra ined  organisms were l o s t  d u r i n g  s t a t i o n  t r a n s i t ,  and t h a t  t he  
magnitude o f  l o s s  appeared t o  be associated w i t h  t h e  b i m a s s  o f  f o u l  i n g  organisms 
present  i n  t h e  c o o l i n g  system condu i t s  (MBC 1975, MRC 1979). 

Several f a c t o r s  may account f o r  t h e  repo r ted  l o s s  o f  e n t r a i n e d  organisms 
du r ing  s t a t i o n  t r a n s i t ,  i n c l u d i n g :  1 )  d e s t r u c t i o n  f rom abrasion, shear s t ress ,  
pressure,  and heat  assoc iated w i t h  c o o l i n g  system passage; 21 p r e d a t i o n  by 
condu i t  b i o f o u l  i n g  organisms; and 3 )  p r e d a t i o n  by p l a n k t i v o r e s  e n t r a i n e d  and 
e x i s t i n g  i n  the s t a t i o n  screenwel l .  

Studies by t h e  Lockheed Center f o r  Marine Research (1977) i n d i c a t e d  the 
biomass o f  the b i o f o u l i n g  c o m u n i t y  on the  w a l l s  o f  t h e  c o o l i n g  system condui ts  
a t  San Onofre U n i t  'b increased s u b s t a n t i a l l y  between hea t  t reatments.  Predat iop 
b y  b i o f o u l i n g  organisms may thereby be a s i g n i f i c a n t  f a c t o r  i n  t h e  removal of  
en t ra ined  l a r v a e  d u r i n g  c e r t a i n  phases o f  t h e  b i o f o u l  i n g  c o n t r o l  cyc le .  

W h i l e  sma l l  e r  w a t e r  co lumn p l  a n k t i v o r e s  ( n o r t h e r n  anchovy,  queen f i  sh)  
are removed from generat ing s t a t i o n  screenwel l  s through impingement c o l l  ec t i ons  
on a d a i l y  bas i s ,  1arger  strong-swimming types ( j acksme l t ,  c roakers,  k e l p  bass, 
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topsme l t ,  b lacksmi th )  may be a b l e  t o  e x i s t  w i t h i n  the  screenwel l  between heat 
t reatments,  and cou ld  account f o r  a p o r t i o n  o f  l a r v a l  loss  d u r i n g  s t a t i o n  t r a n ­
s i t .  However, a r e l a t i v e l y  small number o f  a d u l t s  comnonly taken d u r i n g  hea t  
t rea tmen ts  a r e  p l  ankt ivorous. 

It was b e l i e v e d  t h a t  t h e  major  f a c t o r  i n  l o s s  o f  organisms through the 
c o o l  i n g  system was p reda t ion  by t h e  b i o f o u l  i n g  c m u n i t y ;  t h e r e f o r e ,  t h e  study 
was designed around t h i s  va r iab le .  The r a t i o n a l e  f o r  examining s t a t i o n  t r a n s i t  
success d u r i n g  several  phases o f  t h e  b i a f o u l i n g  c o n t r o l  c y c l e  was based on the 
assumptions t h a t :  1) cropping l osses  immediately f o l l o w i n g  a hea t  t rea i rnent  c o u l d  
be a t t r i b u t e d  main ly  t o  t h e  e f f e c t s  o f  abrasion, shear, and heat  s t ress ,  and 
would rep resen t  a s i m i l a r  component o f  l o s s  d u r i n g  a l l  phases; 2 )  cropping losses 
would be h ighes t  j u s t  p r i o r  t o  a hea t  t reatment,  w i t h  a w e l l - e s t a b l i s h e d  f o u l i n g  
canmunity and maximum numbers o f  l a r g e  p l a n k t i v o r e s  i n  t h e  c o o l i n g  system; and 3 )  
a mid-cyc le sampling s e r i e s  would est imate cropping l o s s e s  a t  an i n te rmed ia te  
l e v e l .  

Two c r i t e r i a  were es tab l i shed  f o r  s e l e c t i o n  o f  a r e p r e s e n t a t i v e  s i t e  t o  
determine i ch thyop lank ton  l o s s  through p l a n t  cropping l o s s :  1) t h e  generat ing 
s t a t i o n  w i t h  t h e  l o n g e s t  i n t a k e  and d ischarge condu i t ;  and 2 )  t h e  generat ing 
f a c i l i t y  where maximun i n f o r m a t i o n  on c o n d u i t  g raz ing  was a v a i l a b l e .  The former 
c r i t e r i o n  was e s t a b l i s h e d  based on t h e  a s s u m p t i o n  o f  b i o f o u l  i n g  community 
c r o p p i n g  as t h e  m a j o r  i n f l u e n c e  o n  c r o p p i n g  o f  l a r v a e  d u r i n g  t r a n s i t .  The 
f a c i l i t y  w i t h  the  l onges t  i n t a k e  and d ischarge c o n d u i t  (San Onofre U n i t  1) 
would expose t r a n s i t i n g  l a r v a e  to the  l a r g e s t  p o t e n t i a l  sur face area o f  f o u l i n g  
canmunity biomass. The l a t t e r  c r i t e r i o n  was based on o t h e r  r e l a t e d  s tud ies  
completed and proposed a t  San Onofre, which would add t o  an i n f o r m a t i o n  base t o  
p r e d i c t  system-wide i n t a k e  loss.  The s tud ies  were planned a t  San Onofre, b u t  
because U n i t  1 went o f f - l i n e  i n  A p r i l  1980, t h e  second s e t  o f  mass balance 
s t u d i e s  had t o  be moved t o  another s i t e  chosen t o  be as s i m i l a r  as p o s s i b l e  t o  
San Onofre (Ormond Beach Generat ing S t a t i o n ) .  The o v e r a l l  l e n g t h  o f  t h e  i n t a k e  
and d ischarge condu i t  a t  Ormond Beach i s  11%s h o r t e r  than a t  San Onofre U n i t  1, 
b u t  t h e  i n n e r  su r face  area o f  t h e  Ormond Beach c o n d u i t  i s  3.2% greater .  

REPRESENTATIVE DISCHARGE SAWLING POSITION 

A sampling p o s i t i o n  w i t h i n  the  d ischarge r i s e r  was d e s i r e d  t h a t  was f r e e  o f  
contaminat ion by ambient water en t ra ined  over the  edge o f  t h e  r i s e r  l i p  by t h e  
d ischarge plume. Dye re leases a long the edges o f  t h e  r i s e r  were conducted t o  
determine the  e x t e n t  o f  p e n e t r a t i o n  o f  secondar i ly  e n t r a i n e d  water i n t o  the  
d ischarge bowl. The discharge sampling dev ice was then p laced  i n  a p o s i t i o n  w e l l  
below t h e  observed p e n e t r a t i o n  po in t .  Dye re leases were conducted a t  bo th  San 
Onofre U n i t  1 and Ormond Beach p r i o r  t o  the  i n i t i a l  mass balance study a t  each 
s i t e  (Tab le  12 ) .  

SUMMARY OF RESULTS AND DISCUSSION 

SUMMARIZED RESULTS 

A sumnary t a b l e  o f  i n t a k e  concen t ra t i on  and t r a n s i t  success o f  a l l  316(b) 
t a r g e t  species and the  seven most abundant non- target  t a x a  (from Chapter 2 )  i S  
presented i n  Table 13. T r a n s i t  success of t h e  e n t i r e  l a r v a l  assemblage en t ra ined  
i n  March samples a t  San Onofre was s t r o n g l y  inf luenced by t h e  dominance of  t a r g e t  
species i n  sample c o l l e c t i o n s .  Dur ing bo th  Phases I 1  and I11 t r a n s i t  success o f  
abundant non - ta rge t  taxa was g e n e r a l l y  h i g h e r  than o v e r a l l  success, which was 
reduced by t h e  h igh  concentat ions (and low t r a n s i t  success) o f  no r the rn  anchovy 
1arvae. Entrainment concen t ra t i ons  were an o rde r  o f  magnitude lower,  and t r a n s i t  
success f o r  many species h igher ,  i n  summer c o l l e c t i o n s  a t  Ormond Beach. 
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Table 12. Mass balance studies conducted during P e r c e n t  t r a n s i t  success  b y  s i z e  

1980 316(b) ichthyoplankton sampling. c l a s s  i s  p r e s e n t e d  f o r  n o r t h e r n  
Station cycle/Event San Onofre u n i t  1 Ormond Beach Phase anchovy, wh i te  croaker ,  and queenf i  sh 

i n  Table 14. Percent t r a n s i t  successI heat Treatment 13 January 17 August 

Mid-poim Survey plant not operating 3-4 Septsnber 1 i n c r e a s e d  w i t h  1e n g t h  i n  a1 1 t h r e e  

Pr ior  t o  Meat

I Treatment Survey 12-13 March 22-23 Septmber s p e c i e s  t o  18,  9, and 6 mm l e n g t h s  
Heat Treatment 23 March 26 Septanber f o r  anchovy, c r o a k e r ,  and queen-
After HeatTreatment kney 26-27 March 29-30Septenber 111 f i s h ,  r e s p e c t i v e l y .  Larvae up t o  and 

i n c l u d i n g  t h e s e  l e n g t h s  c o m p r i s e d  
>90% o f  t h e  t o t a l  observed f o r  a l l  t h r e e  species (Chapter 21, i n d i c a t i n g  t h a t  
v a r i a b i l i t y  i n  t r a n s i t  success i n  l a r g e r  s i z e  c lasses may be due t o  v a r i a b i l i t y  
i n  i n t a k e  concentrat ions.  T r a n s i t  success i n  these l a r g e r  c lasses i s  g e n e r a l l y  
h i  gh , however. 

I 
I Based on t h e  t r a n s i t  s u c c e s s : e n t r a i n m e n t  abundance r a t i o  ( F i g u r e  2 1 ) ,  

p e r c e n t  success o f  s t a t i o n  t r a n s i t  f o r  t h e  two i n d i v i d u a l  s t a t i o n s  was est imated. 
Median d a i l y  l a r v a l  entrainment d u r i n g  t h e  316(b) I ch thyop l  a k t o n  Entrainmen
Program a t  Ormond Beach and San Onofre Uni t  1 was 4.173 x 10t and 1.742 x 102 
i n d i v i d u a l  s per day, r e s p e c t i v e l y .  Percent  t r a n s i t  success f o r  t he  two s t a t i o n s  
based on the  reg ress ion  was 45.0 and 52.6%, r e s p e c t i v e l y .I 

I COMPARISON OF SEASONAL ENTRAINMENT MASS BALANCE 

Although the  two mass balance s t u d i e s  were conducted s i x  months apar t ,  a t  
two separate sampl i n g  s i t e s ,  and under d i f f e r e n t  envirormental  c o n d i t i o n s  and 
s e t t i n g s ,  the major components o f  t h e  communities en t ra ined  were re1a t i v e l y  
s i m i l  ar. Nor thern anchovy , w h i t e  croaker,  and lo r  queenfi sh 1arvae were among t h e  
m a j o r  species en t ra ined  i n  bo th  s tud ies.  D i f f e rences  i n  t h e  d e n s i t y  o f  these 
species between the two s tud ies  were s u b s t a n t i a l ,  however, and a re  r e l a t e d  t o  t h e  
r e p r o d u c t i v e  c y c l e  o f  t h e  i n d i v i d u a l  species. The prominence o f  l a r v a l  cheekspot 
goby i n  September samples a t  Ormond Beach i s  a t t r i b u t e d  t o  d i f f e r e n c e s  i n  t h e  
s t r u c t u r e  o f  t h e  ichthyoplankton community p resen t  a t  San Onofre U n i t  1 and 

I 
I 
I Table 13. Summary overall percent transit success - 316(bl target species and 

I Spec1 es 

n o r t h e r n  aKhovy 
w h i t e  croaker  
s u e e n f i  sh 
P a c i f i c  b u t t e r f i s h  
k e l p  bass  
b a r r e d  sand bass 

s argo 

s p o t f i  n croaker  

bocaccio  


b l a c k  croaker  

ye1 l o w f i  n croaker  


cheekspot goby 

y o l k  sac l a r v a e 

r e e f  f i n s p o t  

u n i d e n t i f i e d  l a r v a e  

k e l p f i s h  

blenny 

bay goby 


Phase Tota l  


I 
I 
I 
I Season Tota l  


Study Tota l  


abundant non-target species. 

San Onof re  Onnond Beach 

P r i o r  t o  Heat A f t e r  Heat  Mi d-poi nt P r i o r  t o  Heat A f t e r  Heat 
conc: b C O X . '  % Conc.' a COK: : COR�." : 

818 .2  1 3 . 9  952.5 1 0 . 8  58.6 70 .2  53.7 76.1 2 . 0  >100.0 
194.6 22 .8  208.8 46 .4  0.1 0.0 ** 
42 .7  12 .3  38.4 72 .4  22 .8  5 6 . 0  9 . 3  3 3 . !  2 . 9  5 9 . 9  

tt ** 0.6 0.0 0 . 1  0.0 0 . 5  0.0 
tt *I It tt tt 

tt fl *t tt tt 

tt tf It  0 . 1  0.0 ** 
tt tt I* tt tt 

0 . 2  
tt 

42 .0  0.5 
tt 

0.0 *t 

I t  

tt 

** 
tt 

*t 

11 .1  2 7 . 9  1 . 4  ,100.0 11.0 8 . 4  6 6 . 7  26 .4  15 .7  50.2 
124.9 9 . 5  74.6 1.9 0.3  4 2 . 0  0 . 4  4 1 . 6  0 . 4  3 0 . 4  

tt 

48.7 
tt 

30 .6  1 7 . 1  72 .0  
** 
5.0  

,100 .0  
9 7 . 5  

tt ,100.0 
4 . 7  40 .9  

** 
1 . 5  36.6 

2 . 4  30 .4  0.4 93 .4  0 . 3  0.0 0 . 4  36 .2  ** 
2 . 3  2 3 . 2  2 .1  3 7 . 0  3.0 4 1 . 9  2 . 7  10 .2  1 .5  4 9 . 3  
7 . 2  78.2 3 .9  90 .5  0.1 0.0 1 . 5  18 .4  ** 

1280.8 16.3 1314.8 19 .1  121 .9  59 .5  163.1 43 .8  37 .2  6 0 . 2  

1297 .8  1 8 . 5  107 .4  51 .6  
583 .6  22.2 

0 . 6  0.0 2.1 0.0 It tt tt 

I 
' d a l l y  e n t r a i m e n t  Inumber x l o 4 )  

'*mt C o l l e c t e d  i n  i n t a k e  sanules 

I 
I 
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Table 14. Summary percent transit success by size dass of three major target species. 

San Onofre Onnond Beach 

Size Pr ior  Aft er Hi d- Prior  After 
Species Class to Heat Heat Poi nt t o  Heat Heat Total 

northern anchovy 0-3 
3-6 

6.5 3.4 
9.5 9.5 

,100.0 
63.3 

,100.0 0.0 
0.0 

4.5 
8.1 

6-9 20.0 36.0 30.3 11.8 20.9 
9-12 22.5 33.5 78.9 ,100.0 ,100.0 28.9 
12-15 
15-18 

24.5 35.0 
28.5 35.3 

95.6 
67.7 

82.0 
63.0 

,100.0
>100.0 

38.2 
45.6 

18-21 24.2 45.5 95.6 ,100.0 ,100.0 38.7 
21-24 
24-27 
27-30 

56.5 54.2 
31.0 28.6 
-0.o ,100.0 

,100.0 
*0.0 

t ,100.0 
t 

62.8 
36.5 
27.8 

Phase 9. 13.9 10.8 70.2 76.1 ,100.0 
Seasonal X 12.2 75.2 
Total X 15.1 

white croaker 0-3 24.9 * - .~ 14.4 0.0 21.5 
3-6 45.5 51.9 t 48.6 
6-9 68.1 51.7 t 58.2 
9-12 38.9 37.0 t 46.2 
12-15 ,100 .o ,100.0 ,100.0 

Phase 4 22.8 46.4 0.0 t 

Seasonal X 35.0 0.0 
Total % 35.0 

queenfi sh 0-3 
3-6 

12.6 
0.0 

16.4 
95.5 

,100.0 
33.8 

0.0 
39.2 

0.0 
60.7 

15.1 
07.8 

6-9 ,100.0 22.2. 0.0 100.0 26.5 
9-12 t .0.0 0.0 

12-15 - * * ,100.0-

Phase X 12.3 12.4 56.0 33.3 59.9 

Seasonal X 40.9 50.2 

Total X 43.2 


* Not collected i n  intake sanples. 

Ormond Beach. As was d e t a i l e d  i n  the 

entra inment  i n v e n t o r y  chapter  o f  t h i s  KEY: 


San Onotror e p o r t ,  l a r v a e  o f  cheekspot goby a re  a Ormond Baach o
major  component o f  t he  Ormond Beach 
i ch thyop l  ankton community d u r i n g  much 
o f  t h e  year. 

The  r e l a t i v e  i m p o r t a n c e  o f  
M e x i c a n  l a m p f i s h  l a r v a e  i n  t h e  
i ch thyop l  ankton ccmmunity a t  Ormond 
Beach was probably t h e  r e s u l t  o f :  1) 
t h e  reduced d e n s i t y  o f  o t h e r  canpon­
e n t s  o f  t h e  l a r v a l  communi ty  n e a r  
Ormond B e a c h ;  a n d  2 )  t h e  . c lose  
p r o x i m i t y  o f  0rmo.nd Beach t o  deeper 
waters ( a  submarine canyon). Mexican 
l a m p f i s h  spawn i n  o f f s h o r e  w a t e r s  
(Ah1strom 1965); thus,  t h e i r  1arvae 
do n o t  normal ly  form a major  f r a c t i o n  
o f  t h e  inshore c m u n i  t y  ( see e n t r a i n - '"t 

I I I I I I I  1 1 I I t ' ' 

ment i nven to ry  sec t i on ) .  D e n s i t i e s  o f  5 10 14 

Mexican lampf i sh  l a r v a e  i n  September NUMBER OF INDIVIDUALS ENTRAINED ( X  lO*J 
1980 samples from Ormond Beach were 
considerably  h ighe r  than p r e v i o u s l y  Figure 21. Least-squares regression of percent tran­

s i t  success versus entrainment samplerecorded i n  the  area (September 19791, abundance at Orrnond Beach and San
w h i l e  t h e  d e n s i t y  o f  o t h e r  s p e c i e s  Onofre Unit 1 during the mass balance 
t h a t  p r e v i o u s l y  c o m p r i s e d  a m a j o r  study. 
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f r a c t i o n  o f  the Omond Beach i ch thyop l  ankton c o r n u n i t y  ( n o r t h e r n  anchovy, w h i t e  
croaker,  queenfish, and cheekspot goby) were approaching or had reached t h e i r  
seasonal low. The c l o s e  p r o x i m i t y  o f  Ormond Beach t o  a submarine canyon, and a 
p o s s i b l e  spawning popu la t i on  o f  Mexican lampf i sh ,  was l i k e l y  a major f a c t o r  i n  
t h e  d e n s i t i e s  o f  l a r v a e  observed. 

La rva l  d e n s i t i e s  increased s u b s t a n t i a l l y  between t h e  day1 i g h t  and n i g h t  
sampling per iods i n  b o t h  w i n t e r  and summer mass balance s tud ies,  as w e l l  as 
d u r i n g  a m a j o r i t y  o f  t he  entrainment i n v e n t o r y  i n v e s t i g a t i o n s  discussed pre­
v i o u s l y .  Th is  phenomenon has a l s o  been r e p o r t e d  from var ious i nsho re  sampling 
programs i n  southern C a l i f o r n i a  (SCE 1980, B a r n e t t  e t  a l .  1978, MBC unpubl ished 
data) .  The decrease i n  l a r v a l  d e n s i t i e s  observed i n  these l a t t e r  s tud ies  d u r i n g  
d a y l i g h t  sampling pe r iods  may be the r e s u l t  o f  n e t  avoidance by ( a t  l e a s t )  t he  
o l d e r  ( l a r g e r )  p o r t i o n  o f  t h e  l a r v a l  c o r n u n i t y  (Smi th and Richardson 1977, Methot 
and Kramer 1979) which i s  capable o f  d e t e c t i n g  approaching ne ts  and a re  a b l e  t o  
s u s t a i n  swimming speeds s u f f i c i e n t  f o r  avoidance. Older l a r v a e  may a l s o  be 
capable o f  avo id ing  i n t a k e  entrainment. The cue f o r  avoidance may be e i t h e r  
v i s u a l  or a r e a c t i o n  to s l i g h t  changes i n  c u r r e n t  speeds. I n  pe r iods  o f  darkness 
l a r v a e  l a c k  t h e  cues necessary t o  avoid the  i n take ,  o r  become d i s o r i e n t e d  and 
more suscep t ib le  t o  entrainment.  

There i s  on l y  c i r c u m s t a n t i a l  evidence f o r  d i u r n a l  v e r t i c a l  m i g r a t i o n  by 
nearshore l a r v a e  (SCE 1980); however, a m i g r a t i o n  p a t t e r n  o f  t h i s  type would h e l p  
exp la in :  1) the increase o f  entrainment d e n s i t i e s  a t  n i g h t ;  and 2) t he  e n t r a i n ­
ment o f  1arger l a rvae ,  s p e c i f i c a l l y  n o r t h e r n  anchovy, queenf ish,  and w h i t e  
croaker ,  a t  n igh t .  Older l a r v a e  o f  a m a j o r i t y  o f  nearshore f i s h  i n h a b i t  t h e  
ep iben th i c  zone o f  t h e  water column, a t  l e a s t  a t  n i g h t  ( S C E  1980). Older l a r v a e  
o f  these species may e i t h e r  m ig ra te  from the  upper water column t o  t h e  e p i b e n t h i c  
zone d u r i n g  the n i g h t ,  o r  m ig ra te  from t h e  epibenthos i n t o  the lower  water 
column. Dur ing the m i g r a t o r y  process l a r v a e  come i n  c o n t a c t  w i t h  in take- induced 
c u r r e n t s  and are suscep t ib le  to entrainment. 

D i f f e r e n c e s  i n  t r a n s i t  success be tween  p r e - h e a t  t r e a t m e n t  (Phase 11) 
and post -heat  t reatment  (Phase 111) sampling pe r iods  a t  San Onofre U n i t  1 was 
s t r o n g l y  in f luenced by t h e  dominance o f  t a r g e t  species 1arvae i n  ent ra inment  
samples. Overa l l  1 a rva l  t r a n s i t  success d u r i n g  both phases was h i g h l y  dependent 
on percent  abundance o f  t a r g e t  species, and w h i l e  d i f f e r e n c e s  were noted between 
the  two phases f o r  a l l  t h ree  species, t h e y  appear t o  be l e s s  r e l a t e d  t o  the  
condu i t  biomass accurnul ated than t o  the . s ize-frequency d i s t r i b u t i o n  o f  t h e  
en t ra ined  1arvae. Dur ing Phase II 1  (pos t -hea t  t reatment)  , median 1engths of 
en t ra ined  wh i te  c roake r  and queenf ish were 1arger  than those observed d u r i n g  
Phase I 1  (Table 151, w h i l e  the median l e n g t h  o f  e n t r a i n e d  nor thern anchovy 
decl ined. S i m i l a r  t rends  were noted f o r  pe rcen t  t r a n s i t  success i n  a l l  t h r e e  
s p e c i e s ,  w i t h  h i g h e r  success r a t e s  o b s e r v e d  i n  l a r g e r  s i z e  c l a s s e s  when a 
s u f f i c i e n t  nunber o f  i n d i v i d u a l s  was p r e s e n t  t o  a l l o w  meaningful ana lys i s .  

Table 15. San Onofre Unit 1 mass balance study - Winter Phases II and 111. Intake 
concentrations - Percent composition by size class. 

S i  ze E ngraul is mordax Genyonmus l i  neatus Phase I 1  PhdSe 111 
Class (mn) Phase I1 Phase 111 Phase I 1  Phase 111 

0- 3 30.4 68.9 93.4 21.2 98.3 33.1 
3-6 29.4 10.6 3.4 77.3 1.7 bb.6 
6-9 13.3 4.8 2.5 1.3 
9-12 15.8 9.3 0.7 0.2 0.2 

Seriphus polieus 

12-15 5.9 4.7 
15-18 3.6 1.5 
18-21 1.2 0.2 
21-24 0.3 0.05 
24-27 0.1 0.01 
27-30 0.05 
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P e r c e n t  t r a n s i t  success f o r  t o t a l  e n t r a i n e d  l a r v a e  d u r i n g  summer mass 
balance s t u d i e s  a t  Onnond Beach was lowes t  j u s t  p r i o r  to hea t  t reabnen t  and 
h i g h e s t  j u s t  a f t e r  h e a t  t r e a t m e n t ,  c o r r e s p o n d i n g  t o  e x p e c t e d  r e s u l t s  f r o m  
r e f e r e n c e  t o  b i o f o u l i n g  s t u d i e s  a t  San Onofre U n i t  1 by Lockheed Center f o r  
Marine Research (1977). Heat t reatments were a n t i c i p a t e d  t o  reduce c o n d u i t  
b i o f o u l  i ng  and increase t r a n s i t  success by e l i m i n a t i n g  p r e d a t i o n  as a t r a n s i t  
m o r t a l i t y  f a c t o r  i n  the p e r i o d  f o l l o w i n g  a h e a t  treatment. The p a t t e r n  was n o t  
always repeated, however, i n  t h e  f o u r  species c o n t r i b u t i n g  most t o  mass balance 
en t ra inmen t  concentrat ions.  Only 1a rva l  queenf i  sh fo l l owed  the  p a t t e r n  observed 
f o r  t o t a l  larvae.  Increased t r a n s i t  success d u r i n g  Phase I 1  ( p r i o r  t o  heat  
t rea tmen t )  f o r  no r the rn  anchovy may be a t t r i b u t e d  t o  t h e  increased median s i z e  
d i s t r i b u t i o n  o f  t h e  i n d i v i d u a l s  p resen t  (Tab le  161, w h i l e  t h e  success o f  > loo% 
d u r i n g  Phase 111 i s  due to h i g h  v a r i a b i l i t y  r e s u l t i n g  from ve ry  low l a r v a l  
concen t ra t i ons  i n  the  source waters. 

Comparisons between t h e  San Onofre and Ormond Beach s tud ies  i n d i c a t e  t h a t  
t r a n s i t  success f o r  a l l  l a r v a e  combined and l a r v a e  o f  i n d i v i d u a l  t a r g e t  species 
was s u b s t a n t i a l l y  lower  i n  March. Several f a c t o r s  c o u l d  be r e s p o n s i b l e  f o r  
these d i f f e r e n t i a l  t r a n s i t  success r a t e s :  1) success i s  a f f e c t e d  by ambient water 
temperature o f f s h o r e  ( i . e .  h i g h e r  temperature r e s u l t s  i n  l e s s  success); 2 )  s i ze  
frequency d i s t r i b u t i o n s  o f  t a r g e t  1arvae were s u b s t a n t i a l l y  d i f f e r e n t  ( i  .e. 
l a r g e r  organisms r e s u l t s  i n  more success); 3 )  o v e r a l l  success was a f f e c t e d  by 
species composi t ion (some species may be more r e s i s t e n t  t o  damage); 4 )  t r a n s i t  
success i s  a f f e c t e d  by d e n s i t y  o f  en t ra ined  l a r v a e  ( i .e .  h i g h e r  l a r v a l  concen­
t r a t i o n s  r e s u l t s  i n  l e s s  t r a n s i t  success); o r  5) t r a n s i t  success i s  a f f e c t e d  by 
d i f f e r e n c e s  i n  cool  i ng  system c o n f i g u r a t i o n  and operat ion.  

Water temperatures o f f s h o r e  Ormond Beach were e s s e n t i a l l y  s i m i l a r  d u r i n g  a l l  
t h ree  phafes o f  summer mass balance studies.  Surface temperatures were consi  s­
t e n t l y  near 17"C,  and l i t t l e  water column s t r a t i f i c a t i o n  was noted. Surface 
temperatures and water column p r o f i l e s  du r ing  w i n t e r  s tud ies  a t  San Onofre U n i t  1 
were s u b s t a n t i a l l y  i d e n t i c a l  t o  those observed a t  Ormond Beach. 

Size frequency d i s t r i b u t i o n s  i n  Ormond Beach s t u d i e s  were o n l y  s l i g h t l y  
d i f f e r e n t  from those observed i n  San Onofre s t u d i e s  (Tables 15 and 16 ) .  Median 
s i ze  f requencies o f  no r the rn  anchovy were s l i g h t l y  l a r g e r  i n  summer s tud ies ,  a s  
were d i s t r i b u t i o n s  o f  queenf ish.  E s s e n t i a l l y  no wh i te  croaker were observed i n  
summer s tud ies .  Size o f  i n d i v i d u a l  l a r v a e  d u r i n g  t r a n s i t  i s  probably a s i g n i f ­
i c a n t  f a c t o r  i n  determin ing t r a n s i t  su rv i va l .  However, increased t r a n s i t  success 
i n  summer s t u d i e s  may have been in f l uenced  by t h e  v a r i a b i l i t y  o f  occurrence of  
t a r g e t  species. 

S p e c i e s  c o m p o s i t i o n  may have a s i g n i f i c a n t  e f f e c t  o n  o v e r a l l  t r a n s i t  
success o f  t h e  l a r v a l  community e n t r a i n e d  by t h e  in take.  Dur ing w i n t e r  s tud ies  

Table 16. 	 Ormond Beach mass balance study - Summer Phases 1-111. Intake 
concentrations - Percent composition by size class. 

S ize  Engraulis mordax Genyonenus l i  neatus Seriphus pol i tus 

C l a s s  (mn) Phase I Phase I 1  Phase 111 Phase 1 Phase 11 Phase 111 Phase I Phase 11 Phase 111 

0-3 1.5 1.4 - 100.0 32.7 2.8 6.9 
3- 6 59.6 11.8 66.2 84.7 83.2 
6-9 7.4 25.0 1.1 12.5 9.9 
9-12 8.7 2.9 8.8 

12-15 14.0 56.9 10.3 
15-18 7.6 38.7 27.9 
18-21 1.1 1.6 8.8 
21-24 
24-27 0.2 
27-30 
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y o l k  sac and h a l i b u t  l a r v a e  were abundant f r a c t i o n s  o f  t h e  e n t r a i n e d  c o m u n i t y ,  
and both taxa exper ienced ext remely l o w  t r a n s i t  success. These taxa were l e s s  
abundan t  d u r i n g  summer s t u d i e s  and o c c a s i o n a l l y  d i d  n o t  o c c u r  i n  samples. 
However, t r a n s i t  success o f  these taxa was h ighe r  d u r i n g  summer s tud ies.  

An i m p o r t a n t  f a c t o r  de te rm in ing  t r a n s i t  success f o r  a l l  l a r v a e  combined and 
c e r t a i n  t a r g e t  species may be the d e n s i t y  o f  e n t r a i n e d  la rvae .  Overa l l  mean 
d e n s i t y  (# /1000m3) o f  t o t a l  l a r v a e  and n o r t h e r n  anchovy d u r i n g  t h e  w i n t e r  
s t u d i e s  was 16.4 and 31.6 t i m e s  g r e a t e r ,  r e s p e c t i v e l y ,  t h a n  d u r i n g  summer 
s tud ies.  High d e n s i t i e s  o f  l a r v a e  d u r i n g  p l a n t  passage may s i g n i f i c a n t l y  a f f e c t  
t r a n s i t  success due to abrasion, s u f f o c a t i o n ,  m a g n i f i c a t i o n  o f  shear or compres­
s i o n  forces,  and l o s s  o f  o r i e n t a t i o n .  

Some d i f f e r e n c e s  i n  t r a n s i t  success  may b e  due t o  d i f f e r e n c e s  i n  t h e  
c o n f i g u r a t i o n  and o p e r a t i o n  o f  t h e  c o o l i n g  water  systems a t  San Onofre U n i t  1 
and Ormond Beach. I n  general ,  ambient water temperatures a t  Ormond Beach a r e  
l ower  than those observed a t  San Onofre (SCE 1982). The b i o f o u l i n g  canmunity 
assoc iated w i t h  the  Ormond Beach system may be s u b s t a n t i a l l y  d i f f e r e n t  from t h a t  
a t  San Onofre. Other f a c t o r s  i n c l u d e  d i f f e r e n c e s  i n  condu i t  l eng th ,  t y p e  of 
c i r c u l  a t i n g  water  pumps used, and condenser c o n f i g u r a t i o n .  

EFFECT OF POTENTIAL LOSS ON ESTIMATES OF ENTRAINMENT 

Resu l t s  o f  the mass balance s tud ies  i n d i c a t e  t h a t  under some c o n d i t i o n s  
t r a n s i t  success o f  e n t r a i n e d  1arvae c o u l d  s i g n i f i c a n t l y  a1 t e r  entrainment 1oss  
est imates ifsubsequent s u r v i v a l  o f  e n t r a i n e d  1arvae i s  establ ished.  No attempt 
was made t o  e s t a b l i s h  ac tua l  s u r v i v o r s h i p  r a t e s ,  however. Est imates o f  t r a n s i t  
success a r e  r e p o r t e d  as simp1 e r a t i o s  o f  d ischarge: i  ntake concentrat ion.  

The ma jo r  f a c t o r s  determin ing t r a n s i t  success o f  i n d i v i d u a l  l a r v a e  appear to 
be: 1) s i z e  o f  the en t ra ined  i n d i v i d u a l ;  and 2 )  t h e  o v e r a l l  dens i t y  o f  t h e  
en t ra ined  l a r v a l  assemblage. Dur ing w i n t e r  mass ba l  ance s tud ies  a t  San Onofre 
U n i t  1, very h i g h  concen t ra t i ons  o f  ’ l a r v a e  and the dominance o f  smal l  i n d i v i d u a l s  
o f  impor tan t  t a r g e t  species r e s u l t e d  i n  low r a t e s  o f  t r a n s i t  success. The success 
r a t e  may have been f u r t h e r  reduced by t h e  r e l a t i v e l y  l ow  r a t i o  o f  en t ra ined  
vo1me:condui t  sur face area a t  San Onofre U n i t  1 (Schlot terbeck e t  a l .  1979al, 
and the l e n g t h  o f  t he  c o o l i n g  system c o n d u i t  which r e s u l t e d  i n  a l onger  exposure 
p e r i o d  t o  t h e  b i o f o u l  i n g  community and phys i ca l  e f f e c t s .  Mean o v e r a l l  t r a n s i t  
success r a t e s  ranged between 16.3 and 19.1% d u r i n g  the  two sampling phases 
( pre-heat and post-heat,  r e s p e c t i v e l y ) .  

Summer mass balance s tud ies  a t  Ormond Beach were marked by mean l a r v a l  
concentrat ions only  6% as h i g h  as those observed du r ing  w i n t e r  s tud ies.  Mean 
t r a n s i t  success r a t e s  ranged bctween 43.8 and 60.2% f o r  t h e  th ree  study phases. 
Success r a t e s  were s l i g h t l y  increased by t h e  occurrence o f  g rea te r  than 100% 
s u r v i v a l  r a t e s  observed f o r  several  species. 

Concentrat ions o f  e n t r a i n e d  1 arvae c o l l e c t e d  a t  San Onofre U n i t  1 dur ing 
w i n t e r  mass balance s t u d i e s  were among the h ighes t  observed a t  t h a t  i n t a k e  i n  
three y e a r s  o f  sampl i n g  (SCE 1980). Conversely, 1 a rva l  concen t ra t i ons  observed a t  
Ormond Beach d u r i n g  stnnrner mass balance s t u d i e s  were among the  lowest  c o l l e c t e d  
a t  any o f  t h e  f o u r  i n t a k e s  sampled du r ing  the  316(b) ichthyoplankton entrainment 
program. A r e a l  i s t i c  es t ima te  o f  l a r v a l  t r a n s i t  success based on median l a r v a l  
entrainment l e v e l s  i s  probably  near the  mean of  t h e  t r a n s i t  success r a t e s  ( n o t  
necessa r i l y  s u r v i v a l  1 determined f o r  t he  two seasonal studies.  This  conc lus ion  i s  
based on several  f ac to rs :  1) t he  c o n f i g u r a t i o n  o f  t h e  two in takes  withdrawing 
p r ’mar i l y  o f f sho re  water i s  s i m i l a r ;  2 )  t h e  community s t r u c t u r e  o f  t h e  l a r v a l  
assemblages af fected by each o f  those i n t a k e s  i s  s i m i l a r ;  and 3 )  i n t a k e  volumes 
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and f l o w  r a t e s  a r e  n o t  s u b s t a n t i a l l y  d i f f e r e n t .  Whi le the l onger  c o n d u i t  and 
s l  i g h t l y  lower  en t ra ined  vo1ume:conduit su r face  area r a t i o  a t  San Onofre U n i t  1 
may r e s u l t  i n  l ower  success r a t e s  a t  t h a t  l o c a t i o n ,  t h e  o v e r a l l  mean annual 
t r a n s i t  success r a t e  f o r  i n t a k e s  wi thdrawing from o f f s h o r e  water sources i n  t h e  
SCE system i s  probably  h ighe r .  

METHODS 

REPRESENTATIVE DISCHARGE SAMPLING POSITION 

Release o f  Rhodamine 8 dye a long the  l i p  o f  t h e  d ischarge bowl ( F i g u r e  22) 
and subsequent d i v e r  obse rva t i on  a t  San Onofre Unit 1 on 12 March 1980 a t  1705 
h r s  i n d i c a t e d  t h a t  the i nsho re  re lease  d i d  n o t  e n t e r  the discharge, w h i l e  the 
o f f s h o r e ,  upcoast, downcoast, and two c e n t e r  dye re leases  d i d  e n t e r  t he  d ischarge 
r i s e r .  No dye was observed passing through t h e  sampling pumps or i n  t he  pump 
d i scha rge  waters. 

On 26 March 1980 a t  1610 h r s  a t  San Onofre U n i t  1 Rhodamine B dye was aga in  
re leased.  D ive rs  observed l a r g e  v o r t i c e s  o f  dye e n t e r i n g  the  d ischarge r i s e r  from 
t h e  inshore re lease.  T h i s  dye was e n t r a i n e d  t o  a depth o f  2 m. Smal ler  l am ina r  
dye f l o w  was observed to.en te r  from the  upcoast and downcoast re leases.  The 
o f f s h o r e  dye re lease was en t ra ined  about 1 m and then moved t o  the  sur face 
r a p i d l y .  I n  the  l a b o r a t o r y ,  dye was detected i n  one o f  t h e  24 samples (Tr'elease
+ 10 min),  i n d i c a t i n g  contaminat ion from ambient waters. 

The f i n a l  dye re lease  was a t  Ormond Beach on 3 September 1980 a t  1645 hrs .  
The d ischarge sampling p i p e  (5.8 m; was n e a r l y  t w i c e  the l e n g t h  as t h e  p i p e  
employed a t  San Onofre U n i t  1 (3.1 m). D ive r  observat ions of  dye i n d i c a t e d  a 
downcoast c u r r e n t ,  which r e s u l t e d  i n  ent ra inment  o f  ambient water along the  
i nsho re  and downcoast s ides o f  t h e  d ischarge r i s e r .  Dye was observed t o  en te r  t he  
r i s e r  to a depth o f  2.5 m. No dye was detected i n  any o f  t h e  20 samples c o l l e c t e d  
from the pump d ischarge ( o n  board f l u o r o m e t r i c  a n a l y s i s ) ,  i n d i c a t i n g  an absence 
o f  contaminat ion by ambient waters. 

T r a n s i t  t imes f o r  c i r c u l a t i n g  water was determined by re lease  o f  dye a t  t h e  
i n t a k e  and i t s  subsequent obse rva t i on  a t  t h e  discharge. A t  San Onofre the  t r a n s i t  
t imes  were 00:17:43 on 12 March 1980 and 00:17:28 on 26 March 1980. A t  Ormond 
Beach the t r a n s i t  t imes were 00:14:28 on 3 September and 22 September 1980 and 
00:14:00 on 29 September 1980. 

SAMPLING PROTOCOL 

Mass balance s tud ies  were conducted a t  San Onofre on 12-13 March and 26-27 
March 1980 and a t  Ormond Beach on 3-4, 22-23, and 29-30 September 1980 (Table 
12) .  

The sampling regime was the  same as used i n  the ent ra inment  i nven to ry ,  
except  samples were a l s o  c o l l e c t e d  from t h e  discharge'  us ing  a 15.2 cm diameter 
f i b e r g l a s s  p ipe  (DIC - discharge i ch thyop l  ankton sampl e r )  t h a t  was i n s e r t e d  
5.8 m (3.1 m a t  San Onofre) i n t o  the d ischarge r i s e r  ( F i g u r e  22) To achieve a 
sampling p o i n t  which would reduce contaminat ion f rom ambient waters t o  a minimum, 
the  p ipe was placed 0.6 m seaward of t he  c e n t e r p o i n t  o f  t h e  d ischarge based on 
the  recommendations o f  D r .  John L i s t  o f  t h e  C a l i f o r n i a  I n s t i t u t e  o f  Technology. 
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ffi 

Standpipe 

STANDPIPE DIMENSIONS: 

Length :5.9 maters 
Diameter :15.2 c e n t i m e t e r s  

Figure 22. 	 Deployment configuration of the Discharge lchthyoplankton Collector 
(DIC), holding the collection port below the  observed level of ambient 
water contamination. 
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RESULTS AND ANALYSES 

SPECIES C O M P O S I T I O N  


Winter 

A t o t a l  o f  2 1  a n d  2 4  t a x a  were 
collected a t  San Onofre Unit 1 dur ing
t h e  Phase I 1  a n d  Phase I 1 1  mass 
bal ance studies, respectively. Three 
species (northern anchovy, white 
croaker, and queenfish) comprised the 
majority o f  larvae collected. Northern 
anchovy comprised 64.4% of the larvae 
entrained during Phase 11, and 72.4% 
during Phase 1 1 1 .  Larval dens i t ies  
were highest between evening a n d  
sunrise (2100 t o  0743 hrs )  during
Phase I I, while maximum dens i t ies  
were recorded between the sunset and 
sunrise sampling periods (1706 t o  0646 
hrs) in Phase 1 1 1  (Figure 23). 

White croaker larvae were the 
second m a j o r  spec ie s  c o l l e c t e d ,  
canpri sing 14% of the ic hthyopl a n k t o n  
cunmunity i n  b o t h  Phase I 1  and Phase 
111. This species was most abundant  
d u r i n g  the evening and n i g h t  sampl ing
periods o f  b o t h  phases. 

Queenfish larvae were the third 
major species collected. Queenfish 
comprised approximately 3% o f  the 
catch d u r i n g  b o t h  phases o f  the study.
Maximum densit ies o f  larvae were 
recorded during the n i g h t  sampl ing
period (approximately 0100 t o  0330 
hrs) of b o t h  phases. 

Unidentified yolk sac larvae were 
relatively a b u n d a n t  d u r i n g  b o t h  Phase 
I 1  and Phase 1 1 1 ,  representing approx­
imately 10.5 and 6.0%, respectively of  
the catch. The m a j o r i t y  o f  these 
l a r v a e  were extremely y o u n g  a n d  
taxonomic cha rac t e r i s t i c s  used f o r  
species ident i f ica t ion  are  poorly
developed. Shape and pigment patterns 
suggest t h a t  the larvae were either 
white croaker o r  queenfi sh. 

D u r i n g  Phase 1 1 ,  l a r v a e  o f  
jacksmelt, cheekspot goby, bay goby, 
and  C a l i f o r n i a  halibut in collections made between 
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Figure 23. 	 Comparative concentrations of target 
species larvae during two phases of 
winter mass balance studies a t  San 
Onofre Unit 1. 

were comnon sunset and sun­
rise. No larvae i n  Phase 111, other t h a n  those previously discussed, were O f  
importance i n  terms of density. 



I 

I 


_e.

I - PHASE1 -.-.-

I 102 

I 
10 

I 
I 1 

0 
3 


I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

'I 

Figure 24. 	 Comparative concentrations of target 
species larvae during three phases of 
summer mass balance studies at Ormond 
Be&. 
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Sumner 

S a m p l e s  t a k e n  i n  mass b a l a n c e  
s t u d i e s  conducted a t  Ormond Beach i n  
September 1980 were g e n e r a l l y  dani ­
nated by f o u r  l a r v a l  species: n o r t h e r n  
anchovy, cheekspot goby, queenf ish,  
and Mex ican  l a m p f i s h ,  T r i p h o t u r u s  
mexicanus. 

Nor thern anchovy compri sed 51.6% 
o f  t h e  i c h t h y o p l  a n k t o n  c o i l  e c t e d  
d u r i n g  Phase I. Maximum entra inment  o f  
anchovy occurred between evening and 
sun r i se  (2100 t o  0630 h rs )  wi th  peak 
d e n s i t i e s  o c c u r r i n g  j u s t  p r i o r  t o  and 
d u r i n g  sunr ise.  The temporal d i s t r i ­
b u t i o n  o f  queenf ish l a rvae ,  t h e  second 
mos t  abundan t  l a r v a e  c o l l e c t e d  i n  
P h a s e  I ,  was s i m i l a r  t o  t h a t  o f  
n o r t h e r n  a n c h o v y ,  a1 t h o u g h  peak  
ent ra inment  occurred du r ing  the  n i g h t  
s a m p l i n g  p e r i o d  (0100 t o  0330 h r s ;  
F i g u r e  2 4 ) .  The remaining t h r e e  m a j o r  
species c o l l e c t e d  d u r i n g  Phase I were 
Mexican lampf i sh ,  cheekspot goby, and 
Gobi idae Type D. These species c m ­
p r i s e d  9.5, 8 . 4 ,  and 10.9% o f  t h e  
1a r v a l  catch,  r e s p e c t i v e l y .  Maximum 
concen t ra t i ons  o f  each species were 
recorded a f t e r  sunset. 

The l a r v a l  c o r n u n i t y  i n  Phase I 1  
was d o m i n a t e d  b y  t h e  l a r v a e  o f  
cheekspot goby and no r the rn  anchovy. 
T o g e t h e r  t h e y  r e p r e s e n t e d  a p p r o x i ­
mate ly  69% o f  t h e  l a r v a e  ent ra ined.  
The d e n s i t y  o f  bo th  species increased 
s u b s t a n t i a l l y  a f t e r  sunset w i t h  the 
maximum entra inment  of cheekspot goby 
1arvae o c c u r r i n g  du r ing  the evening 
sampling p e r i o d  (2100 t o  2300 h r s ) ,  
and no r the rn  anchovy o c c u r r i n g  dur ing 
t h e  n i g h t  s a m p l i n g  p e r i o d  (0100 t o  
0300 h r s ) .  Other major  l a r v a l  species 
e n t r a i n e d  inc luded pa in ted  greenl  ing,  
O x y l e b i u s  p i c t u s ,  q u e e n f i s h ,  and 
m e x i c a n  l a m i A1 thouqh D a i n t e d  
g reen l  i n g  comprised 7.4% o f - t h e  1arvae 
c o l l e c t e d ,  i t  appeared o n l y  i n  t h e  
f i r s t  t h r e e  samples c o l l e c t e d  dur ing 
the  sunset per iod.  Larva l  queenf i  sh 
d e n s i t i e s  i n c r e a s e d  s u b s t a n t i a l l y  
between sunset and sunr ise sampling 
pe r iods ,  w i t h  peak d e n s i t i e s  o c c u r r i n g  
a t  sunr ise.  Mexican 1 ampfi sh were most 
abundant du r ing  the morning, sunset, 
and evening per iods.  
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Larvae o f  cheekspot goby were t h e  ma jo r  spec ies c o l l e c t e d  d u r i n g  Phase 
111, r e p r e s e n t i n g  36.1% o f  t he  l a r v a e  c o l l e c t e d .  Maximum concen t ra t i ons  were 
recorded d u r i n g  t h e  n i g h t  sampling p e r i o d  (0100 t o  0330 h r s ) ,  w h i l e  the  l owes t  
c o n c e n t r a t i o n s  were r e c o r d e d  d u r i n g  s u n s e t  and s u n r i s e  p e r i o d s .  L a r v a e  o f  
Mexican lampf i sh ,  which represented approx imate ly  21% o f  t h e  ca tch ,  were the  
second most abundant species c o l l e c t e d .  Abundance o f  t h i s  species peaked d u r i n g  
sunset, w h i l e  t h e  l owes t  d e n s i t i e s  were recorded d u r i n g  t h e  s u n r i s e  sampling 
pe r iod .  

Nor thern anchovy and queenf ish were t h e  o n l y  o t h e r  l a r v a l  species t h a t  
c o n t r i b u t e d  s i g n i f i c a n t l y  t o  the i ch thyop l  ankton community e n t r a i n e d  d u r i n g  
Phase 111. Al though n o r t h e r n  anchovy and queenf ish l a r v a e  composed 8.1 and 7.4% 
o f  t h e  e n t r a i n e d  community, r e s p e c t i v e l y ,  t h e i r  d e n s i t i e s  were s u b s t a n t i a l l y  
reduced i n  comparison t o  t h e  d e n s i t i e s  recorded f o r  each i n  t h e  summer Phase I 
and Phase I 1  s tud ies .  Both species were a lmost  complete ly  absent  d u r i n g  day­
1i g h t  sampl i n g  per iods,  w i th  maximun concen t ra t i ons  o f  n o r t h e r n  anchovy 1arvae 
appear ing i n  t h e  sunset sampling per iod,  and queenf ish l a r v a e  i n  the n i g h t  
sampl ing per iod.  

TRANSIT SUCCESS OF ENTRAINED LARVAE 

Success o f  s t a t i o n  t r a n s i t  by e n t r a i n e d  l a r v z e  was c a l c u l a t e d  by comparing 
numbers o f  l a r v a e  taken i n  d ischarge c o l l e c t i o n s  t o  concen t ra t i ons  i n  i n t a k e  
samples, a l l o w i n g  a s u i t a b l e  l a g  t ime between the  two f o r  t h e  sampled water 
pa rce l  t o  pass through the c o o l i n g  water system. Numbers o f  animals i n  d ischarge 
c o l 1  e c t i o n s  were compared t o  i n take  concen t ra t i ons  and expressed as a percentage 
o f  i n t a k e  ent ra inment  abundance. 

W in te r  Mass Balance Studies - San Onofre U n i t  1 

Larvae of  t h e  th ree  major t a r g e t  species exper ienced s u b s t a n t i a l  cropping 
l o s s e s  d u r i n g  s t a t i o n  t r a n s i t  i n  bo th  Winter  Phase I 1  and I 1 1  Mass Balance 
Studies (Tab les  17 and 18).  Overa l l  percentage o f  successful  t r a n s i t  i n  the two 
phases was 13.9 and 10.8% f o r  no r the rn  anchovy, 22.8 and 46.4% f o r  wh i te  croaker ,  
and 12.3 and 72.4% f o r  queenf ish (Tables 17  and 18) .  Changes i n  pe rcen t  t r a n s i t  
success between sampling per iods d i d  n o t  appear t o  be r e l a t e d  t o  the  numbers of  
i n d i v i d u a l s  en t ra ined ,  as success d u r i n g  sampl i n g  pe r iods  d i s p l a y i n g  l a r g e r  
nunbers o f  i n d i v i d u a l s  v a r i e d  du r ing  bo th  phases. Sampling pe r iods  hav ing median 
numbers o f  e n t r a i n e d  i n d i v i d u a l s  f r e q u e n t l y  had h i g h e r  t r a n s i t  success r a t i o s  
than pe r iods  wi th  t h e  h ighes t  nunber o f  e n t r a i n e d  i n d i v i d u a l s .  

Non- target  species exper ienced v a r i e d  success i n  s t a t i o n  t r a n s i t  (Tables 19 
and 201. Newly hatched yolk-sac l a r v a e  were taken i n  d ischarge samples a t  a r a t e  
o f  o n l y  9.5% o f  i n t a k e  concen t ra t i ons  d u r i n g  w i n t e r  Phase I 1  and 1.9% dur ing 
Phase 111. Larvae o f  C a l i f o r n i a  ha1 i b u t / f a n t a i l  s o l e  and cheekspot goby were 
recovered w i t h  14.9 and 27.8% success, r e s p e c t i v e l y ,  d u r i n g  Phase 11, and l a r v a e  
o f  bay goby, Lepidogobius lep idus,  and jacksme1 t, A t h e r i n o p s i s  c a l i f o r n i e n s i s ,  
enjoyed t r a n s i t  success percentages o f  78.2 and 49.6%, r e s p e c t i v e l y .  Overa l l  
l a r v a l  t r a n s i t  success was o n l y  16.3% i n  Phase I 1  and 19.1% i n  Phase I11 (Tab le  
21). 

Water co lunn temperature p r o f i l e s  observed b e f o r e  sampl i n g  pe r iods  d u r i n g  
bo th  w i n t e r  Phase I 1  and I 1 1  were r e l a t i v e l y  homogeneous, i n d i c a t i n g  t h a t  water 
column temperature and phys i ca l  s t r u c t u r e  had 1ittle e f f e c t  on t r a n s i t  SUCCeSS 
o f  en t ra ined  la rvae .  Mean t r a n s i t  success o f  combined Phase I 1  and 111 samples 
between t i d a l  cyc les  was n o t  s i g n i f i c a n t l y  d i f f e r e n t  f o r  two o f  t h r e e  major 
t a r g e t  Species when compared by Kruskal-Wal l  i s  one-way ANOVA (Siege1 1956). 
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Table 17. San Onofre Unit 1 mass balance study - Winter Phase II (prior to heat 
treatment) 12-13 March 1980. Percent of transit success by size ciass 
[(discharge concentration+intake concentration) X 1001. 

S i z e  P eri od O a i  ly 

I 
I 
I 
I 

Class (mn) Morning A f  termon Su ns et Eveni ng Ni ght Sunrise T o t a l '  

E .  mordax 

0-3 6.7 5.2 2.8 7.6 6.6 7.0 6.5 
3-6 10.1 6.1 4.2 12.1 9.3 10.1 9.5 
6-9 36.2 19.9 20.8 23.6 14.0 18.2 20.0 
9-12 51.6 56.4 27.9 24.0 13.8 20.8 22.5 

12-15 39.5 65.0 22.2 32.1 16.8 14.2 24.5 
15-18 57.1 68.8 26.7 31.7 8.9 15.8 28.5 
18-21 50.0 33.3 37.5 23.2 37.5 5.3 24.2 
21-24 
24-27 
27-30 

,100.0 
,100.0 

50.0 
14.3 
0.0 

50.0 
0.0 

20.0 56.5 
31.0 
0.0 

Combi ned 15.9 16.1 10.2 20.4 10.3 13.6 13.9 

h;;;2ean 
3034 1417 1090 4084 9002 6417 4281 

G. lineatus 
0-3 . 23.6 25.5 3.8 32.0 24.1 15.1 24.9 
3-6 0.0 0.0 33.3 77.8 5.6 25.0 4 5 . 5  
6-9 0.0 0.0 ,100.0 66.7 66.7 100.0 68.1 
9-12 ,100.0 37.5 20.0 0.0 38.9 

12-15 ,100.0 ,100.0I Combi ned 22.8 25.0  36.4 38.6 24.2 15.4 22.8 

;;I;;;sa n 
605 240 78 1295 2165 1348 1018I -S. pol i tus 

I 
0-3 10.7 1.8 0.0 9.1 15.8 45.9 12.6 
3-6 0.0 0.0 0.0 

Combi ned 10.5 1.8 0.0 9.1 15.4 45.9 12.3 

; ; I ; $ 3 a n  
381 140 20 55 438 93 222 

I adjusted for day length 

A d d i t i o n a l l y ,  a c o m p a r i s o n  o f  d i f f e r e n c e s  i n  mean t r a n s i t  success between 
sampling pe r iods  us ing the same t e s t  was n o t  s i g n i f i c a n t  f o r  any o f  t h e  three 
major  t a r g e t  species.I 
Sumner Mass Balance S tud ies  - Ormond Beach 

I Success o f  s t a t i o n  t r a n s i t  f o r  no r the rn  anchovy was much h igher  a t  Ormond 
Beach than was observed a t  San Onofre U n i t  1 du r ing  Winter  Mass Balance Studies 
(F igu re  2 5 ) .  T r a n s i t  success i n  Phase I was e s p e c i a l l y  h i g h  i n  t h e  0 t o  6 mm s ize 
groups, which had exper ienced extremely poor t r a n s i t  success i n  w i n t e r  s tud ies 
(Table 2 2 ) .  The observa t i on  t h a t  d ischarge concen t ra t i ons  o f  1arvae were higher 
than in take  concen t ra t i ons  i n  some rep1 i c a t e s  ( t r a n s i t  success g rea te r  than 100%; 
T a b l e  2 2 )  i s  p r o b a b l y  due t o  t h e  l o w  numbers o f  l a r v a e  e n t r a i n e d ,  and t h e  
r e s u l t i n g  h i g h  degree o f  v a r i a b i l i t y  induced by each occurrence. However, h ighe r  
success r a t e s  were a l s o  observed i n  l a r g e r  s i z e  c lasses  where abundances were 
g rea te r  (Tab le  2 2 ) .  There was no c l e a r  t rend  o f  t r a n s i t  success r e l a t e d  t o  
i n t a k e  concentrat ion,  as t h e  p e r i o d  e x h i b i t i n g  h ighest  concentrat ions ( sun r i se )  
a l so  had one o f  t h e  l owes t  success ra tes ,  and the pe r iod  w i t h  t h e  second-highest 
ranked abundances ( n i g h t )  had one o f  t he  h ighes t  success percentages. 

I 
I 
I 
I 

T r a n s i t  success o f  queenf ish was lower  a t  Ormond Beach than t h a t  observed a t  
San Onofre d u r i n g  Winter Phase I 1 1  samples, when l a r v a e  o f  3 t o  6 mm dominated 
t h e  catch. Whi le summer t r a n s i t  success r a t e s  f o r  t h e  0 t o  3 m c l a s s  were 

I 

I 
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Table 18. San Onofre Unit 1 mass balance study - Winter Phase I l l  (after heat 
treatment), 26-27 March 1980. Percent of transit success by size dass 
[(discharge concentration iintake concentration) X 1001 . 

Class (mn) Morning Aft ermon Sunset  Eveni ng N i  gh t  Sunr ise Total '  

E. mordax 
0-3 6.0 8.6 4.5 1.2 1.6 2.7 3.4 
3-6 5.4 11.9 10.3 2.4 16.8 18.9 9.5 
6-9 47.8 20.0 82.7 40.4 25.4 86.5 36.0 
9-12 >100.0 17.3 70.7 28.0 18.1 ,100.0 33.5 

12-15 ,100.0 13.0 ,100.0 21.8~. 27.6 ,100.0 35.0 
15-18 ,100.0 50.0 46.7 15.3 20.9 83.0 35.3 
18-21 ,100.0 ,100.0 100.0 9.1 18.2 >100.0 45.5 
21-24 ,100.0 0.0 > lOO.O 0.0 0.0 54.2 
24-21 0.0 100.0 28.6 
27-30 ,100.0 ,100.0 

Combined 13.0 11.9 11.5 9.4 7.5 13.5 10.8 

I n t a k e  mean 
# 10001113 3203 2833 6964 6995 6412 6914 4984 

G .  1 i  neatus 

0-3 14.7 20.0 13.4 20.0 7.2 12.8 14.4 
3-6 ,100.0 97.3 >100.0 34.4 35.9 ,100.0 51.9 
6-9 ,100.0 100.0 12.5 61.2 ,100.0 57.7 
9-12 0.0 ,100.0 100.0 37.0 

12-15 ,100.0 ,100.0 

S ize  P e n  oa O a i  ly 

Combined ,100.0 57.8 39.2 32.8 32.1 ,100.0 46.4 

I n t a k e  mean 
#/looom3 143 385 568 2566 2091 583 1092 

5 .  p o l i t u s-
0-3 31.5 17.0 13.9 9.7 17.1 13.6 16.4 
3-6 
6-9 

100.0 93.3 ,100.0 
,100.0 

,100.0 39.9 ,100.0 95.5 
,100.0 

9-12 0.0 0.0 

Combi ned 66.7 37.4 60.8 80.0 36.0 ,100.0 72.4 

h ; , " , g e a n  
38 141 128 266 416 285 20 1 

adjusted for  day l eng th  

comparable t o  n o r t h e r n  anchovy (no  doubt due t o  s i m i l a r  circumstances, discussed 
above), r a t e s  i n  the  3 t o  6 mm c l a s s  were much lower ,  and were respons ib le  f o r  
the  lowered success r a t e .  As was noted f o r  no r the rn  anchovy, sampling per iods 
w i t h  h ighes t  numbers o f  en t ra ined  1arvae were cha rac te r i zed  by success r a t e s  t h a t  
were among the  lowest  observed d u r i n g  the study. No l a r v a e  o f  w h i t e  croaker  were 
observed i n  Summer Phase I i n t a k e  o r  discharge samples. 

Overa l l  t r a n s i t  success o f  en t ra ined  l a r v a e  d u r i n g  sunmer Phase I was 59.5% 
(Table 2 3 ) .  T r a n s i t  success o f  abundant non - ta rge t  spec ies var ied .  Larvae of  
Mexican lampf is t l ,  cheekspot goby and b lenn ies  exper ienced 30.3, 8.4, and 41.9% 
t r a n s i t  success, respec t i ve l y .  A h i g h  percentage o f  t r a n s i t  success was noted f o r  
hornyhead t u r b o t ,  P leuron ich thys  v e r t i c a l  i s ,  and u n i d e n t i f i e d  t u r b o t  ( P l e u r ­
onectidae) , w h i l e  C a l i f o r n i a  ha1 i 6 u t / f a n t a i l  s o l e  and Gobi idae type  D experienced 
on ly  moderate success. The m a j o r i t y  o f  spec ies were taken i n  i n t a k e  b u t  n o t  
d ischarge samples, a l though i n  a small number of cases t h e  oppos i te  p a t t e r n  was 
observed. 

T r a n s i t  success o f  n o r t h e r n  anchovy was s l i g h t l y  h i g h e r  i n  summer Phase I 1  
than i n  summer Phase I (Table 2 4 ) ,  due t o  t h e  combina t ion  o f  h ighe r  s u r v i v a l  
r a t e s  of  l a r g e  l a r v a e  coupled w i t h  absence o f  smal le r  s i z e  groups (Table 24). 
Per iods w i th  h i g h e s t  abundance were cha rac te r i zed  by h i g h e r  o v e r a l l  s u r v i v a l  



I 
I Table 19. 	 Intake and discharge daily larval entrainment*. San Onofre Unit 1 mass 

balance study - Winter Phase II (prior to heat treatment). 12-13 March 
1980.I 

Species 

;n;; a; 1i s mo r d  ax** 
a y a q i d a e . i d .I 	 Gobiesoi rhessodon 

Atheri nopsis califoriensis 
'ieriphus pol itus** 
G e n y o n e n u m t u s * *
Chei lo t rwa saturnurn** 
cl i n i  dae, u n i  d.I 

I 

I 


Hypsops;tta guttul a t a  
Pisces arvae. unid .  
Pisces yolk sac larvae 

Total Larvae 

I 
I * 	bdsed on maximum intake flow rates 

**316jb) target species 

Concentration 

Intake Di scharge :Transit Success 

8,181,946 1,139,548 
1 ~ 003 

13.9 
,100.0 

2,007 
98,369 

426.965 
1,9461497 

2.389 

48,826 
52,648 

444.757 
1 003 

0.0 
49.6 
12.3 
22.8 
42.0 

1,003 2,007 >1OG.O 
4,395 3,010 68.5 

30.423.601 7.166 _._ 

23,266 5,399 23.2 
16,960 4,539 26.8 

110.695 30,834 27.9 
71;806 
2.389 

56,136 78.2 
0.0 

6,402 

1,003 
3,392 

0.0 
>lOG.O 

0.0 

111,507 
2.007 

16,578 14.9 
0.0 

38,650 
486,732 

1,249,221 

4,013 
148,819 
118,310 

10.4 
30.6 
9.5 

1,003 ,100.0 

12,807,810 2,088.091 16.3 


f r o m  Schlotterbeck et a l .  1979 (SCE R6U Ser. 79-RO-68) 

Table 20. 	 Intake and discharge daily larval concentrations* San Onofre Unit 1 mass 
balance study - Winter Phase I l l  (after heat treatment), 26-27 March 1980. 

C o nc entrati on 

I 
Species 

:ngra;lis mordax** 
term rach-ucopsarus

Gobi esox rhessodon 
Rimicofa sp. A 

I Seriphus politus** 

Intake 

9,524,758

908 


48,109 

382 


28.474 

2.484 


383.681 

Z.O07,167 


4,777 


Discharge % Transit Success 

1,026,422 10.8 
1,003 ,100.0 

24,174 50.2 
0.0 

2,711 	 9.7 

0.0 


277,773 72.4 

968,586 46.4 


0.0 

0.0 

382 ,100.0 
382 4.9 

3.392 93.4 

7,692 37.0 

3,535 ,100.0

3,392 46.4 

1,003 >100.0 


14,619 ,100.0 

34,876 90.5 


764 20.2 

0.0 

2,771 ,100.0 

0.0 

382 1.7 

4,395 60.5 


0.0 

122,844 72.0 

14,046 1.9 


2,515,204 19.1 


a l .  1979 (SCE RBO Ser. 79-RD-681 

Atractoscion mbi l i s  1,672 

t l i  mdae, u n i d .  

H eterosti  chus rostratus 7,787 

c b b o n s i a  sp. 7 3,631 

F(ypsoblennius 
spp. 

I Gobi i dae, u n i h .  

Typhlo obius californiensis 

Q d a u d a  


I Pepri lus sirnillimus" 

Para1 ichthys calitornicus 

Citharichthys spp.

P a ra l  ichthys Cali form cus/ 


H ~ % L ~ Y ~ ~ s%%%I d
Pa!ophr 

r 
s v 

v 
e 

i d . e 

Pisces yolk sac larvae 

20,782 


7,310 


13,616 

38,554 

3,774 


20,543

1,815 

1,672 


21,738 

7,262 


382 
170,557
745,768 

I 
Total Larvae 13,148,203 

based on DUimun intake flow rates from Schlotterbeck et  
**316(b) target species 

I 

I 


I 

I 
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TaMe21. 

Species 

T o t a l  Larvae 

{ n g r a u l i  s mordax* 
en o n e m u s T i t u s *  

h m v ae 

H e t e r o s t i c h u s  r o s t r a t u s  

Gobi 1 dae Type D 
C i t h a r i c h t h y s  spp. 

Sen Onofrs Unit 1 mass balance smdia-Prront  transit success (Winter 
phssas II and 111). 

C o n o n  Name 

n o r t h e r n  anchovy 
w h i t e  c r o a k e r  
y o l k  sac l a r v a e  
queenf ish 
fractments and m u t i l a t e d  
C a l i f o r n i a  h a l i b u t /  

f a n t a i l  s o l e  
j a c k s m e l t  
cheekspot goby 
b W  goby

C a l i f o r n i a  c l i n g f l s h  

di anond t u r b o t  

blenny 

k e l p f i s h  

Paci f ic b u t t e r f i  sh 

goby

g i a n t  k e l p f i s h  


b l a c k  c r o a k e r  

goby

;and dab 


* 316(b) t a r g e t  species 

rates in the la t te r  survey. As d i s ­
cussed previously, survival r a t e s  
greater t h a n  100% were most often the 
r e su l t  o f  sporadic occurrences o f  
1arvae. 

The only s ize  g r o u p  of la rva l  
queenfish t o  survive transit was the 3 
t o  6 mm size class, which comprised
85% of a l l  queenfish taken. Transit 
success rates were n o t  related t o  the 
entrainment sampl i n g  period. Whil e 
overall transit  success was substan­
t ia l ly  lower than t h a t  observed d u r i n g  
summer Phase I sampling, the percent
t r ans i t  success f o r  the 3 t o  6 mm 
class was almost identical d u r i n g  bo th  
pha ses . 

Transit  success f o r  the e n t i r e  
1arval assembl age was 1ower d u r i n g  
summer Phase I 1  t h a n  i n  sunmer Phase I 
(Table  2 5 ) .  Non-target s p e c i e s
entrained i n  substantial  numbers 
experienced t ransi t  success ranging
from 26.4% i n  cheekspot g o b y  t o  
0.9% i n  painted greenling, 58.8% i n  
Mexican lampfish, 9.3% i n  unidenti­
fied Gobiidae, and 35.0% i n  longjaw 
mud suc ker , G i  11 i chthys m i  r a b i  1i s.  
F1 a t f i  sh 1 arvae fared especial ly
poorly i n  sunmer Phase I 1  compared t o  
summer Phase 1. As was observed i n  
Phase I ,  a m a j o r i t y  of larval species 

O v e r a l l  Phase-
Mean/1000 rd Rark I 1  I 1 1  Combined 

5791.2 16.3 19.1 18.5 

4632.8 1 13.9 10.8 12.2 
1055.6 2 22.8 46.4 35.0 
522.0 3 9.5 1.9 6.6 
212.1 4 12.3 72.4 40.9 
172.0 5 30.6 72.0 41.3 

. .. 6 14.9 1.7 12.7 
33.2 7 49.6 9.7 40.6 
32.5 8 27.9 >100.0 36.5 
28.9 9 78.2 90.5 82.4 
13.1 10 0.0 50.2 48.2 
12.0 11 10.4 60.5 18.3 
11.5 12 23.2 37.0 29.7 

7.1 13 30.4 93.4 38.7 
7.1 14 0.0 0.0 0.0 
4.4 15 26.8 ,100.0 47.5 
3.2 16 68.5 4.9 27.8 
1.9 17 >100.0 46.4 60.2 
1.9 18 42.0 0.0 1.4 
1.6 19 0.0 20.2 12.4 
0.7 20 0.0 0.0 0.0 

34.9 

swlmu
PHASE 

Figrre 25. Comparative permnt transit success of 
threa target species and total larvae 
during two winter and three summer 
mass balance studies. 
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I Table22. 	 Ormond Beach mass balance study - Summer Phase I (Mid-cycle). 3-4 
September 1980. Percent of t ransi t  succeo by size class [idischarge 

I 
concentration; intake concentrat ion) X 1001. 

P e r i  od
S i  ze - O a i  l y  

Class (ml Horni ng A f  P er mon Sunset Evening N igh t  Sunrise Total '  

E. mordax 

I 
I 
I 

0-3 ,100.0 ,100.0 ,100.0 >100.0 75.0 ,100.0 
3-6 53.2 37.5 >100.0 55.5 17.0 54.2 63.3 
6-9 28.6 0.0 25.0 62.5 10.5 30.3 
9-12 

12-15 
>100.0 >100.0 ,100.0 88.8 43.7 82.3 

100.0 0.0 46.1 92.5 ,100.0 ,100.0 
18.9 
95.6 

15-18 
18-21 

0.0 70.0 73.6 ,100.0 35.2 - >100.0 ,100.0 0.0 
61.1 
95.6 

21-24 ,100.0 ,100.0 
24-27 0.0 0.0 

Combi ned 57.4 54.5 85.2 75.2 19.1 55.9 70.2 

h ; $ z e a n  
148 28 85 253 393 586 213 

No Genyonemus l i n e a t u s  were c o l l e c t e d  i n  i n t a k e  o r  discharge sanples.

I 5. p o l i t u s  

I 
0-3 ,100.0 ,100.0 100.0 66.1 ,100.0 70.8 ,100.0 
3-6 50.0 >100.0 90.9 27.5 19.9 23.8 33.8 
6-9 0.0 ,100.0 22.2 

Combi ned 100.0 ,100.0 92.8 28.8 57.5 51.1 56.0 

I n t a k e  mean 
#/1000ll? 10 5 35 113 236 113 19.5 

adjusted f o r  day l e n g t hI Table 23. Intake and discharge dai ly larval concentrations' - Ormond Beach mass 
balance studv - Summer Phase I (Mid-cycle), 3 4  September 1980. 

I Species 

E n g r a u l i s  -* 

Ryctophidae, unid. 

T r i  photurus mexicanus
I 
Para1 abrax spp .  


I 	 Reocl inus sp. A 
H so ennius spp. 

I 
*d. 
Cor ho t e r u s  n i c h o l s i i  

duS 

G i l l i c h t h  s m i r a b i l i s  
d i c t u s 
t o t t i d a e ,  h-I C o t t i d a e  Type 7 

I Xystreury; l i o l e p i s  
P leuronec t i  de, unid. 
P1w r o n i c t h y s  v e r t i  C a l i  s 

II 	 Symphurus atrrcauda 
P isces  larvae, unid. 
P i  x e s  yo1k sac  1 arvae 

I Total  Larvae 

based On maximum i n t a k e  flow r a t e s  fran Sch lo t te rbeck  et a l .  

Concent ra t ion  
I n t a k e  oi scharge S T r a n s i t  Success 

585,816 411,277 70.2 
19.782 ,100.0 

126.218 38,267 30.3 
519 0.0 

1.362 0.0 
6,486 0.0 
3.243 7,005 ,100.0 

228.113 127,644 56.0 
2.400 >100.0 

2 ~ 724 0.0 
2.124 0.0 

30,484 12.717 41.9 
14.983 27,955 ,100.0 
6,810 1,362 20.0 

109.678 9.210 8.4 
1,362 0.0 
4,605 1,362 29.6 
1,362 0.0 

519 1,038 ,100.0 
1,362 ,100.0 
1,362 ,100.0 

10.053 1,362 13.5 
3.243 0.0 

9.210 3,243 35.2 
5,124 2.400 46.8 
4,605 3.762 81.7 
2,124 1e 362 50.0 
1,362 0.0 
1,362 0.0 
1,362 0.0 

49,748 48,515 91.5 
3,243 1.362 42.0 

1,219,044 124,009 59.5 

1979 (SCE RID Ser. 79-RO-681 
"316(b) t a r g e t  species 

I 

I 
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Table24. 	 Orrnond Beach mass balance study - Summer Phase II (Reheat).  22-23 
September 1980. Percent of transit success by size d a u  [(discharge 
concentration + intake concentration) X 1001. 

S i z e  
C l a s s  ( m n )  Morning A f te rnoon  

Per1od 

Sunset Eveni ng N igh t  Sunr i se  
Oai ly 
Tota l ’  

E .  mordax-
0-3 ,100.0 ,100.0 ,100.0 
3-6 
6-9 
9-12 >100.0 >100.0 64.0 ,100.0 >100.0 
12-15 
15-18 

>100.0 
>100.0 

,100.0 ,100.0 74.0 
>100.0 41.0 

69.0 
61.2 

,100.0
>100.0 

82.0 
63.0 

18-21 0.0 ,100.0 33.3 ,100.0 
Combi ned ,100.0 ,100.0 >100.0 55.3 69.4 ,100.0 76.1 
I n t & e  mean 
#/100d 5 0 18 258 649 178 202 

G. l i n e a t u s  

0-3 0.0 0.0 

-

Combi ned 0.0 0.0 

:;;toSean 
2.4 0.5 


5. p o l i t u s-
0-3 0.0 0.0 0.0 
3-6 40.0 100.0 20.0 48.0 38.0 19.2 39.2 
6-9 0.0 0.0 0.0 0.0 0.0 

Combi ned  33.3 100.0 14.2 38.4 31.6 19.2 33.3 
I n t a k e  mean 
s/1000m3 15 5 35 65 47 65 35 

* ad jus ted  f o r  day l e n g t h  

Table 25. Intake and discharge larval concentrations* - Orrnond Beach mass balance 
study. Summer Phase II (Pre-heat), 22-23 September 1980. 

Species 

Gobi esoci dae Type A 
J X  rhessodon 

Ser iphus p o l i t u s * *  

Genvonmus lineat.US” 

Ro G a d o r  s t  e a r n s i t *  

Uxyjul i s  c a l i f o r n i c a  

P a r a c l i  nus 1 n teg r i  p i n n i  s 

Gibbons ia  SD. A 

Neoc l i nus  sp. A 

l p s o ; I  enni u s  spp.  


o 1 1  de. un id.  
I 1  	 nus i l b e r t i  

dus 

y s  r e u r  s i o  ep is­
; ; F a ’ stAm at. a  

r n U T F i T X 3  
h s c e s  l a r vae ,  un ld.  
P isces y o l k  sac l a r v a e  

Concen t ra t i on  

I n t a k e  Discharge % T r a n s i t  Success 

536,807 408.423 76.1 

62,460 36.711 58.8 

1.362 0.0 

1,362 0.0 


1,038 ,100.0 


1.3C 

92;
1,226 0.0 
1.362 0.0 
1.362 0.0 

3,762
1,362 

6,810 
1.362 

,100.0 
36.2 
0.0 

808 30,873 33.3 


26.709 2.724 10.2 

58,698 5,448 9.3 

666,793 i76.2ag 26.4 

14.788 2.724 18.4 


519 0.0 


1,362 0.0 

1,362 >100.0 


4,086 519 12.7 

47.075 19,263 40.9 

3.950 1.881 47.6 


~ ~~ ~~~ 

To ta l  Larvae 1.630.657 713.523 43.8 
- ~~~~ ~~~ 

* based on m a x i m m  i n t a k e  f l o w  r a t e s  from Schlot terbeck e t  a l .  1979 (SCE RAD Ser. 79-RD-68)
“ 3 1 6 t b )  t a r g e t  species 

3 



- -  

31 5 7  

I 	 were c o l l e c t e d  from the  i n take  b u t  n o t  t he  discharge, a l t hough  i n  some cases 
t h e  reverse was again observed. 

I Overa l l  concen t ra t i ons  o f  no r the rn  anchovy en t ra ined  d u r i n g  summer Phase I I I  
were 50 low, and t h e  r e s u l t i n g  v a r i a b i l i t y  o f  occurrence so great ,  t h a t  t o t a l  
t r a n s i t  success o f  anchovy was g r e a t e r  than 100% (Tab le  261. Only d u r i n g  the 
sunset p e r i o d  were t r a n s i t  success percentages o f  l e s s  than 100% observed i n  
c o n j u n c t i o n  w i t h  h ighe r  l a r v a l  concentrat ions.  Overa l l  success o f  each o f  t h e  
n i g h t t i m e  and sun r i se  pe r iods  was g r e a t e r  than or equal t o  100%. The m a j o r i t y  o f  
l a r g e  l a r v a e  were taken dur ing these per iods,  r e s u l t i n g  i n  t r a n s i t  success o f  
g rea te r  than 100% f o r  a l l  l a r v a e  g r e a t e r  than 9 mm (Tab le  26). 

I 
I Larvae of queenfish were o n l y  s l  i g h t l y  more abundant than no r the rn  anchovy, 

b u t  were dominated by i n d i v i d u a l s  i n  t h e  3 t o  6 mm s i z e  c lass.  Overa l l  t r a n s i t  
success o f  that. c l a s s  was 60.7%, s l i g h t l y  h i g h e r  than t h e  t o t a l  species success 
percentage o f  59.9%. As was observed f o r  no r the rn  anchovy, t h e  lowest  success 
p e r c e n t a g e  b y  p e r i o d  f o r  q u e e n f i s h  was n o t e d  d u r i n g  t h e  p e r i o d  o f  h i g h e s t  
substan tia7 abundance. 

I 
I Overa l l  t r a n s i t  success f o r  a l l  l a r v a e  en t ra ined  d u r i n g  Phase 111 was t h e  

h i g h e s t  o f  t h e  stnnmer mass balance s tud ies  (Tab le  2 7 ) ,  and corresponded c l o s e l y  
t o  the  success o f  t h e  t o p  f o u r  en t ra ined  species. Percent  t r a n s i t  success o f  
abundant non- target  species ranged from 50.2% f o r  cheekspot goby t o  55.13 f o r  
Mexican lampf ish.  Numbers o f  species taken i n  the  i n t a k e  b u t  n o t  i n  the  d ischarge 
was s u b s t a n t i a l l y  l ower  than i n  the prev ious two phases (Tab le  28).I 

I 
A 1east-squares reg ress ion  ana lys i s  o f  o v e r a l l  pe rcen t  t r a n s i t  success 

versus ent ra inment  abundance for  the f i v e  mass balance s tud ies  i n d i c a t e d  a 
s t rong inve rse  r e l a t i o n s h i p  between dens i t y  o f  en t ra ined  l a r v a e  a d success 
o f  s t a t i o n  t r a n s i t .  The regress ion ' l ine ( F i g u r e  21) d isp layed  an 3 value o f  
0.928, i n d i c a t i n g  a s i g n i f i c a n t  c o r r e l a t i o n  a t  p = 0.001.I Table 26. Ormond Beach m a s  balance study - Summer Phase Ill (Post-heat), 2930  

September 1980. Percent of transit success by size Class [(discharge 

I 
I 
I 
I 

concentration; intake concentration) X 1001. 
S i  ze 

Class (mn) 

P erl od-
Horni ng Afternoon suns et Eveni ng Ni g h t  Sunrise 

Oai  ly  
Total' 

E. mordax- -
0-3 0.0 0.0 
3-6 0.0 0.0 
6-9 16.7 0.0 11.8 
9-12 66.7 >100.0 ,100.0 ,100.0 >100.0 

12-15 
15-18 

,100.0 100.0 ,100.0 ,100.0 
100.0 100.0 ,100.0 ,100.0 

>100.0 
,100.0 

18-21 >100.0 ,100.0 ,100.0 ,100.0 
21-24 >100.0 >100.0 ?100.0 

Combi ned 0.0 64.3 100.0 ,100.0 >100.0 >1ou.o 

:;:;\zean 
3 0 35 10 3 13 7 

No Genyonenus l ineatus were col lected i n  intdke or discharge sanples. 

I 
5 .  politus 

I' 
I 

0-3 0.0 0.0 0.0 
3- 6 66.7 40.0 100.0 28.1 >1OU.O 60.7 
6-9 100.0 100.0 
9-12 

12-15 ,100.0 >aoo.o 
Combined 50.0 40.0 >100.0 28.1 >1uo.o 59.9 

Intake mean 
1/100om3 10 0 13 13 21 5 10 

adjusted for day  length 

I 
I 



1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
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TaMe 27. 	 Intake and discharge dai ly  concentrat ions* - Orrnond Beach mass balance 
study. Summer Phase Ill (Post-heat). 2930 Sentember 1980. 

Species 

F n g r r l i  s mordax** 
Gr;p o t u r ; m c a n u s  
o i e s o c i  de Type A 

Pa ra lab rax  c l a t h r a t u s * *  

arvae, unld. 
Plsces  y o l k  sac l a r v a e  

To ta l  Larvae 

Conc e n t r a t i  on 

I n t a k e  O i  scharge % T r a n s i t  Success 

19,525 38.851 ,100.0 
67,592 37,230 55.1 

519 ,100.0 
4,671 0.0 

29,323 17,577 59.9 
15,177 7,329 49.3 
6,748 6,810 ,100.0 
6,229 2,724 43.7 

156,861 78,740 50.2 
24,391 12.972 53.2 
19,073 7,848 41.1 

1,038 ,100.0 
3.114 5,448 >100.0 

14,532 5,319 36.6 
4,476 1,362 30.4 

371.712 223.857 60.2 

based on maximum i r r take f l o w  r a t e s  from Schlot terbeck et a l .  1979 (SCE RLD Ser. 79-RD-68) 
-316(b) t a r g e t  spec1 es 

Table 28. 	 Ormond  Beach mass balance 
(Summer Phases I through Ill). 

Sp eci es Comnon Name 

T o t a l  Larvae 
nor thern anchovy 

cheekspot goby 

queenf ish 

Mexi c a n  1 ampf i5h 

fragments and muti 1 ated 


Gobiidae. un id.  gobi es 

Hypsobl enni us spp. b l  enni es 

C i l l i c h t h y s  m i r a b i l i s  1 ongj  aw mudsucker 

Oxylebius pi- pa in ted  g reen l i  ng 

Gobi 1 dae Type D goby

L e  i d o  obius l e  i d u s  bay goby

*s+i~s ii b l  ackeye goby 

& % b k ? f a f h r a t u s '  k e l p  baSS 

Pisces yo l k  sac l a r v a e  yo l k  sac l a r v a e  


C a l i f o r n i a  h a l i b u t  
C a l i f o r n i a  h a l i b u t /  

f a n t a i l  s o l e  
d i  anond t u r b o t  
k e l  p f  ish 
sand dab 
f l a t f i s h  

* 316(b) t a r g e t  species 

studies - Percent larval transit  success 

Overa l l  Phase-
Mean/1000 d Rank I I 1  I 1  I Corbi  ned 

413.9 59.5 43.8 60.2 51.6 

146.7 70.2 76.1 ,100.0 15.2 
119.9 0.4 26.4 50.2 28.3 
45.0 56.0 33.5 59.9 50.2 
32.9 30.3 58.8 55.1 43.8 
14.3 97.5 40.9 36.6 65.1 
10.3 >100.0 9.3 >100.0 50.2 
9.3 41.9 !U.2 4Y.3 33.3 
7.9 U.0 35.0 41.1 36.2 
7.3 ,100.0 0.9 >100.0 4.5 
3.9 
2.1 

29.6 ,100.0 53.2 
0.0 18.4 -

52.9 
16.9 

1.7 0.2 - 43.7 31.0 
1.6 0.0 0.0 0.0 0.0 
1.5 42.0 41.6 30.4 39.3 
1.4 15.5 13.5 0.0 - 12.5 

1.4 
0.9 

15.5 35.2 0.0 -
17 50.0 12.7 - 30.9 

27.8 
0.8 18 0.0 36.2 - 20.5 
0.8 19 0.0 - ,100.0 85.4 
0.7 20 46.8 - 46.8 



I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I .  
I 
I 
I 
I 
I 
I 
I 
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